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Every natural ecosystem on earth has been changed by the presence and manipulation 
of humans, causing negative impacts on both the living and nonliving world (Meffe and 
Carroll 1997). This has caused a decline in biodiversity and a rise of extinction rates. 
Though bleak, this problem has a ray of hope. The numbers of humans on earth are not the 
cause of the changes being seen, but rather the choices of individuals, families, populations, 
and humankind as a whole (Meffe and Carroll 1997). Hence, the field of conservation 
biology was born. Conservation Biology is an interdisciplinary approach to solving 
environmental problems with alternative environmentally sound choices, incorporating many 
fields, including genetics, biology, ecology, economics, and social sciences (Temple 1997). 
Conservation Biology can be applied on many levels: genetics, populations, meta-
populations, species, habitats, and ecosystems depending on the working framework. 
Population viability analysis (PVA) is one of the tools of conservation biologists. It 
is defined as, "A comprehensive analysis of the many environmental and demographic 
factors that affect survival of a population, usually applied to small populations at risk of 
extinction" (Meffe and Carroll 1997). PVA's can be a useful tool in managing small 
populations. Strong biological data is paramount to a reliable viability analysis. PVA's that 
are based on uneducated estimates of parameters inadequately measures our true knowledge 
of the risk to a population due to uncertainty not being incorporated into the measure of risk 
(Taylor 1995). Though a dangerous tool if used alone or as a predictor, a PV A that is based 
on sound biological data and incorporated within an adaptive management philosophy, can 
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be valuable in setting time frames for management, estimating the magnitude of restoration 
efforts, and monitoring or evaluating management strategies (Lindenmayer 1993). The 
greatest strength of a PV A is sensitivity analysis, which can suggest what parameters have 
the largest impacts in a model (Reed et al 1998). PV A's have been used to identify density-
independent mortality in Snake River chinook salmon (Emlen 1995), adult mortality in Gulf 
of Mexico sturgeon (Pine et al 2001 ), and the effect of habitat destruction of South Umpqua 
River chinook salmon (Ratner et al 1997), all unique management challenges. 
The Shoepack Lake muskellunge population size is small and confined to a small 
watershed in Voyageurs National Park in north central Minnesota. The Shoepack Lake 
muskellunge population is of special concern for Voyageurs National Park for several 
reasons. First, studies have shown it to be a genetically unique (Hanson et al. 1983; Fields et 
al. 1997). Secondly, as the primary, fishable muskellunge population in the park, it 
represents a unique opportunity for park patrons. Thirdly, the Minnesota Department of 
Natural Resources has reserved the right to use the Shoepack muskellunge strain as 
broodstock for future hatchery operations. Yet, despite the interest, the basic biological data 
is limiting, making future projections difficult if not impossible. Establishing the primary 
biological factors will enable the development of a PV A. Given a thorough analysis, 
Voyageur's National Park will have a valuable tool on which to base management decisions 
to guarantee the persistence of the Shoepack Lake muskellunge population into the future. 
Thesis Organization 
This thesis is comprised of two manuscripts to be submitted to the American 
Fisheries Society journals. The manuscripts contain an abstract, introduction, study site, 
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methods, results, discussion, management implications, and literature cited sections. Tables 
and figures are located at the end of the text. Raw data, NJN calculations, and simulations 
are appended to the end. 
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CHAPTER 2: A POPULATION AND ANGLER USE ASSESSMENT OF 
MUSKELLUNGE IN SHOEPACK LAKE, VOYAGEURS NATIONAL 
PARK, MINNESOTA 
A paper to be submitted to the North American Journal of Fisheries Management 
Nick K. Frohnauer, Clay L. Pierce, Larry W. Kallemeyn 
Abstract 
The Shoepack Lake muskellunge, Esox masquinongy, population (SLMP) in 
Voyageurs National Park, Minnesota, is of concern both as a fishery resource and as a 
genetically unique population potentially at risk for loss of long-term viability. Isolated 
populations often face problems due to their size. We used mark-recapture methods with 
angler surveys to: 1) quantify population parameters: abundance, survival rates, growth, 
condition, age at maturity and fecundity; and 2) quantify angler use: pressure, catch rates 
and exploitation. A total of 1,066 fish were captured from May, 2001 through May, 2003. 
We estimated the initial adult population size to be 1120 fish (95% confidence interval- 842-
1399). Angler surveys revealed catch rates averaging 0.262 fish per angler per hour. 
Anglers harvested few fish in part because only 4% of captured fish were above the 762 mm 
minimum length. Natural mortality was estimated as 0.0451. Female growth rates were <50 
mm a year with little or no growth beyond 722 mm. Male growth rates were <50 mm a year 
with little or no growth beyond 663 mm. Growth rates, ultimate lengths, and condition were 
lower than reported for lakes in Ontario and Wisconsin. The current situation maybe all right 
now, but the affect of lower water levels from the loss of a beaver dam is not being felt. It 
will result in a smaller population and a need to reform management. 
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Introduction 
Voyageurs National Park in Northern Minnesota contains a population of 
muskellunge restricted to the small, geographically isolated Shoepack watershed. The 
Shoepack Lake muskellunge population (SLMP) is of concern both as a fishery resource and 
as a genetically unique population that is potentially at risk for loss of long-term viability. 
Shoepack Lake has been isolated from other lakes containing muskellunge for over 10,000 
years allowing the SLMP to diverge genetically from other populations. This divergence has 
contributed to the overall genetic diversity found within muskellunge. Biodiversity ranks 
high among the resources that U.S. National Parks are designed to preserve and protect 
(Voyageurs National Park 2001). As oases of pristine habitats among degraded landscapes, 
National Parks and other preserves are often the only places where these distinctive areas 
remain. Unique biodiversity resources known to exist in Parks thus warrant special attention. 
The muskellunge, Esox masquinongy, has developed a folklore-like reputation based 
on its body size, fierce appearance, ferocious preying, rarity, and elusiveness (Crossman 
1986). Muskellunge, commonly referred to as "musky", are a long-lived species that 
frequently reach 15 years of age, with some individuals reaching 30 years (Casselman and 
Crossman 1986). Sexual maturity is dependent on growth rates, with males reaching 
maturity between 3-6 years and females reaching maturity between 4-8 years (Cook and 
Solomon 1987). Muskellunge commonly spawn in water that is less than a meter deep in 
temperatures 9.4-15.0°C in the spring (Scott and Crossman 1973). Females are broadcast 
spawners who deposit their eggs during two distinct periods about two weeks apart (LeBeau 
1991 ). Newly hatched muskellunge feed on zooplankton for the first 1-3 weeks, and then 
switch to piscivorous diet (Cook and Solomon 1987). Muskellunge are nonselective feeders, 
7 
preying on available fish species, with yellow perch (Percajlavescens) and white sucker 
(Catostomus commersoni) being the most common prey species (Engstrom-Beg et al 1986; 
Cook and Solomon 1987; Bozek et al 1999). They can reach lengths greater than 1,270 mm 
and weights greater than 18.1 kg (Hanson 1986; Casselman et al 1999). Muskellunge 
densities tend to be low with less than 1.53 fish/hectare in most muskellunge systems 
(Hanson 1986.) 
The sport of fishing for this prize game fish has developed an identifiable following, 
including well-known clubs in both the United States and Canada. These avid anglers have 
high release rates (Sandell 1994) and recreational, managerial, and biological concerns for 
the species (Hall 1986). Muskellunge angling has experienced an increase in popularity over 
the past 40 years because of the fierce personality of this game fish (Simonson 2003; Y ounk 
and Pereira 2003). 
The biological and angler exploitation information needed to ensure the long-term 
viability of the genetically unique SLMP is limited. Historically, the Minnesota Department 
of Natural Resources (MNDNR) trap-netted adult muskellunge in Shoepack Lake and 
collected eggs for propagation purposes but did not gather fundamental biological data. 
Collections were made from 1953-1960 and from 1964-1972. SLMP progeny were used to 
establish populations in other Minnesota waters, which were then sometimes used as a source 
of eggs. The MNDNR eventually terminated its use of this strain in favor of a Mississippi 
River strain from Leech Lake that has faster growth (Y ounk and Strand 1992). The MDNR 
still retains the right to collect and use Shoepack Lake muskellunge in the future. 
Little is known about the life history, demographics, recruitment, and mortality of the 
SLMP. Without an understanding of these fundamental parameters, managers cannot assess 
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the status of the population or evaluate the relative impacts of threats. Effective management 
of the SLMP needs solid information on the population size, population growth, individual 
growth, survival, natural mortality, and angler mortality. 
The purpose of this project was to conduct population and angler exploitation 
assessments of the SLMP. We used mark-recapture methods with angler surveys to: 1) 
quantify population parameters: abundance, survival rates, growth, condition, age at 
maturity and fecundity; and 2) quantify angler use: pressure, catch rates and exploitation. 
Wildlife biologists and statisticians have rigorously developed, tested, and improved 
mark/recapture methods of population estimation for the past century, but fisheries biologists 
have been slow in adopting these models (Pine et al 2003). We developed a mark/recapture 
study based on these improvements to estimate population size, survival, and population 
growth. This allowed us to verify our assumptions by running statistical tests on the data and 
correct for slight over dispersion, "noise" in the raw data, that is found in all natural 
populations. Incorporating these techniques into our study improves accuracy and precision 
leading to a better understanding of the SLMP (Pine et al 2003). 
Study Site 
Shoepack Lake (48°30' N; 92°53' W) is on the Kabetogama Peninsula in Voyageurs 
National Park (VNP), MN. The Kabetogama Peninsula is forested and devoid of roads. 
Access to Shoepack Lake is only possible by float plane or a rugged, five kilometer trail. 
The lake has several small inlet streams from nearby lowland areas and one coming in from 
the adjacent Little Shoepack Lake, which is fed by surrounding wetland areas. A single 
outlet stream flows from Shoepack Lake into Rainy Lake. Barriers to upstream fish 
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movement from Rainy Lake include numerous beaver dams and a 50 m long rock slab 
known as the "bear slide", over which water flows as a thin film. This rock slab is apparently 
a highly effective barrier, since northern pike (Esox lucius), which are ubiquitous in Rainy 
Lake and most of the other VNP lakes, do not occur above it in the Shoepack Lake drainage. 
Of the 26 interior lakes in VNP, Shoepack is the only lake system with muskellunge. 
Shoepack Lake water levels are highly regulated by beaver dams. At the beginning 
of this study, a large beaver dam was located at the outlet with a 2.16-meter head. Remnant 
beaver dams were also evident near the outlet. Before July 23, 2001, Shoepack Lake had a 
surface area of 234 hectares, including wetland areas adjoining the lake that were still 
suitable for fish use. On July 23, 2001 the large beaver dam at the outlet of Shoepack Lake 
broke causing the water level in the lake to drop 0.90-1.20 meters and lose 1.62 -2.16 million 
Kiloliters of water. After the beaver dam failure, Shoepack Lake stabilized at a new surface 
area of 125 hectares or 53% of its previous area. In addition, many of the marshy lake 
margins supplying complex littoral zone habitat were dewatered and no longer accessible by 
fish. 
Prior to the dam failure, Shoepack Lake's maximum depth was 7.3 m with a mean 
depth of 2.9 m. The water, which is heavily stained (color= 80 pt-co units), is soft with a 
total alkalinity of 4.1 mg/L (Payne 1991 ). Chlorophyll a concentrations were 2.2-4. 7 ug/L 
(Payne 1991) translating to low primary production and low densities of zooplankton (Lillie 
and Mason 1983). Shoepack Lake also supports little aquatic vegetation (Anderson 2000). 
Fish species found in Shoepack Lake in addition to muskellunge are yellow perch 
(Percaflavescens), white sucker (Catostomus commersoni), blacknose shiner (Notropis 
heterolepis), golden shiner (Notemigonus crysoleucas), finescale dace (Phoxinus neogaeus), 
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northern red belly dace (Phoxinus eos), johnny darter (Etheostoma nigrum), mottled sculpin 
(Cottus bairdi), and Iowa darter (Etheostoma exile) (Anderson 2000). 
Materials and Methods 
Access 
The remote location of Shoepack Lake placed some limitations on the study. Access 
to Shoepack Lake was limited to float planes. All equipment and personnel were transported 
to and from the lake by float planes. The exception was the boat and fyke nets, which were 
towed in by a snowmobile in the late winter prior to the beginning of the study. Equipment 
and methods described below reflect this limitation. 
Limnological Methods 
Dissolved oxygen and temperature profiles were taken at the deepest point in the lake 
with an YSI-85© meter. Profiles were taken at the beginning of each sampling period. 
Measurements were taken at the surface and at every half meter to the bottom of the lake. 
Three continuously recording thermographs were placed at two different points in Shoepack 
Lake. They were positioned during May and removed during the last sampling period. 
Thermographs recorded the temperature every hour throughout the summer. One was placed 
one meter from the surface in the shallow eastern bay where depths did not exceed 1.5 
meters. Two were placed at the deepest point in the lake. One was placed one meter from 
the surface and the other one meter from the bottom. 
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Fish Sampling 
We collected fish using fyke nets (Hubert 1996). One set of nets were constructed of 
2.5-cm-bar nylon mesh wrapped around two square aluminum frames (1.0 X 1.0 meters) and 
three hoops of 0. 75m diameter. Another set of nets was constructed of 1.3-cm-bar nylon 
mesh wrapped around two rectangular steel frames (1.0 X 1.5 meters) and three hoops of 
0.50 meter diameters. 
A field crew of three people sampled muskellunge nondestructively during the 
spawning period with the 2.5-cm-bar mesh fyke nets. The fyke nets were fished in the early 
spring from ice out until after the peak of spawning (approximately two weeks) in the springs 
of 2001, 2002, and 2003. The nets were set in locations that appeared to have good spawning 
habitat or would intercept fish moving to spawning areas. Up to eight locations could be 
sampled with the available gear. 
Additional sampling periods occurred in one-week time intervals in June, July, 
August, and September of 2001 and June, July, and August of 2002. A map of the lake was 
divided into 1 OOm x 1 OOm squares and sampling sites were determined by choosing squares 
using a random numbers table. During the summer periods, four to six single fyke nets and 
two tandem fyke nets were set each day. Fyke nets were deployed with lead and cab fully 
extended. Fyke nets were set perpendicular to shore with the lead attached to the shore and 
the end of the cab was anchored with a buoy attached. Tandem fyke nets are also deployed 
with leads and cabs fully extended with anchors and buoys attached to both ends. Fyke net 
leads were attached together using plastic zip ties. Tandem fyke nets were set parallel to the 
shoreline. Both regular fyke and tandem fyke sets were overnight sets. Experimental gill nets 
(20, 25, 32, 38 and 51 mm mesh panels) were used in June and July of2001 but were 
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discontinued due to high mortality rates. Seining techniques were also employed, targeting 
younger fish in the population in June and September 2002 sampling periods. 
Fish Handling 
All captured fish were handled with extreme care, using mesh cradles, and tubs of 
fresh lake water (Kelsch and Shields 1996). Upon capture, fish were measured to the nearest 
millimeter (total length= tip of snout to tip of tail) and weighed to the nearest 0.1 kilogram. 
Newly captured individuals were tagged, the left side pelvic fin clipped, sexed, and scale 
samples taken. Sex of adults was determined from external characteristics or extrusion of 
gametes (LaBeau and Pageau 1989). Fish were dually marked with a month specific fin clip 
and an individually numbered floy tag. Scales were removed non-lethally with the point of a 
knife from the area above the lateral line and in front of the dorsal fin. Captured fish were 
processed within five minutes each and released back into the lake alive. Abnormalities, net 
damages, poor fish condition, and other pertinent information were recorded in the comments 
section. 
Bone structures and other lethal information were collected from net mortalities and 
sacrificed fish. During the 2001 and 2002 spawning season sampling periods, a small 
number of female fish (less than 20 per season) were sacrificed for gonad examination to 
verify sex, determine GSI, and estimate fecundity (Crim and Glebe 1990). A variety of sizes 
and only green females were sacrificed. Otoliths and cleithrum were extracted from all 
mortalities. Also, muskellunge stomachs were examined for contents, which were identified 
in the field if possible. 
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Tag Loss and Mortality Experiments 
We were able to detect tag loss because we dually marked fish with floy tags and fin 
clips. Tag loss proportion was assessed by dividing the number of tags lost by the total 
number of tagged fish from 2001 and 2002. Monitoring fish in an observation pen was used 
to assess handling mortality. The observation pen was 1.5 meters by 1.5 meters by 3 meters 
deep. Fish from the first two days of a sampling period were put into the pen and observed 
for five days. Handling mortality proportion was calculated as the number of fish found dead 
divided by the total number of fish placed in the pen. This was done in May 2001, June 
2001, and May 2002. 
Angler Pressure and Harvest Surveys 
Angler pressure was assessed by angler surveys (Malvestuto 1996). Angler surveys 
were made mandatory by VNP and were distributed at visitor's centers, by a resort pilot who 
flew customers into Shoepack Lake, and were available in a drop box located at Shoepack 
Lake. Surveys could be returned to any of the above or mailed to the park at a later date. 
Surveys questions included: number of anglers fishing, number of hours fished, fish caught, 
fish kept, how they got to the lake, where they fished, if the fish were marked or unmarked, 
and other input offered by anglers. 
Catch per unit effort, number of harvestable fish caught, and number of fish harvested 
was calculated from returned Shoepack Lake surveys. Catch per unit effort was calculated 
by dividing the total number of fish caught by the total number of man-hours fished. Catch 
per unit effort is reported in two ways, the average fishing party and the total angler success. 
Average fishing party success involved calculating catch per unit effort for each individual 
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survey and averaging survey results for a given time period. Total angler success was 
estimated by summing the angler hours and number of fish caught for a given time period 
and calculating an overall catch per unit effort. Harvestable fish were considered any fish 
reported over the 762 mm length limit. All fish that were reported kept were considered 
harvested fish. 
Mark-Recapture Analysis 
Abundance was estimated using mark-recapture techniques (Van den Avyle 1993) 
and the population analysis software MARK (Cooch and White 2001). The Jolly-Seber 
model was used in MARK to analyze mark-recapture data. The model contains four 
parameters: survival, capture probability, population rate of change, and population size. 
We condensed the summer sampling periods in 2001 (June- September) and 2002 (June -
August) into two "summer" capture periods. May 2001, May 2002, and May 2003 sampling 
periods were considered "spawning" capture periods. This yielded a total of five mark-
recapture periods (May 2001, Summer 2001, May 2002, Summer 2002, and May 2003) for 
the MARK analysis. Time difference between capture periods was taken into account within 
MARK. Capture histories were entered into MARK as live recaptures with 1 's indicating 
capture in a sampling period and O's indicating not being captured in a sampling period 
(Cooch and White 2001). For example, a fish that was caught in May 2001 and July 2002 
would have a 10010 capture history. Capture histories include both netting data and data 
collected from anglers. This was justified because summer sampling times occurred during 
the angling season and the recapture probabilities of a tagged fish subsequently seen again 
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were not significantly different (Pearsonx2= 1.554, df = 1, p = 0.2126) between angling and 
netting. 
Parameter index matrices were constructed in MARK to form a suite of models. 
Parameter index matrices allow the MARK user to manipulate parameters based on a priori 
hypotheses about population vital rates. These candidate models included survival, 
recapture, lambda (finite rate of population increase), and initial population size parameters. 
In addition to investigating constant parameters, we varied survival and recapture 
probabilities by time and season. Lambda was hypothesized constant because the study was 
not long enough to detect significant differences for population growth between time periods. 
This assumption was based on several factors. Muskellunge are a long-lived (higher survival 
rates) species that are not inclined to rapid changes in population size in short periods of 
time. Secondly, the SLMP is a native population of muskellunge known to inhabit the lake 
for thousands of years and to have experienced minimal human impact so the population is 
expected to be holding near constant at the carrying capacity of the lake. Thirdly, 
muskellunge populations have low recruitment rates. This recruitment will vary from year to 
year depending on environmental conditions but likely does not follow a boon/bust pattern or 
a strong year class every x number of years. The fluctuations in year classes would not be 
enough to cause significant population growth changes within the study period. During this 
study, though, a catastrophic event, the beaver dam breaking, happened so additional models 
were run to see if this event drastically changed the population size. 
Global model goodness-of-fit was tested using the program RELEASE within MARK 
and examining c. Models were compared using QAICc, a modification of Akaike's 
Information Criterion (AIC) (Burnham and Anderson 1998). This method uses quasi-
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likelihood adjustments to correct for overdispersion in the data and improve the overall fit of 
the model (Cooch and White 2001). Akaike's Information Criterion is designed to select the 
best-fit model without over-fitting the data with parameters, ranking models using delta 
QAIC values. Models with a delta QAIC less than two were considered to fit the data well. 
Weighted parameter estimates were calculated using model averaging to account for 
uncertainty in model selection (Burnham and Anderson 1998). In addition, we specifically 
compared models that incorporated Lambda varying by time and a darn effect (before and 
after darn failure) to test whether the darn failure and loss of water resulted in a large enough 
loss of fish to have a significant effect on the population vital rates during the study period. 
Age, Condition, and Growth Analysis 
Scales and fin rays were collected from every unique fish caught. These were to be 
used as aging structures. Age could not be determined from these structures because annuli 
were difficult to impossible to distinguish making both structures unreadable. Otoliths and 
cleithrurn were collected from sacrificed fish. Annuli in cleithrurn could be accurately read 
to age eight. After which, annuli began to stack and become indistinguishable from each 
other. Otoliths proved the best structure for estimating the age of fish. The otoliths could not 
be read as whole structures, so they were sectioned. Muskellunge otoliths were first mounted 
in an epoxy. After the epoxy had hardened, a thin section from the middle of the otolith was 
cut out using an isornet© low speed saw. Sections were mounted on slides for examination 
under a microscope. Sections were buffed using very fine grit sandpaper to help bring out 
annuli. 
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Condition was determined as Wr for each fish at each time of capture using length 
and weight data with the standard weight equation for muskellunge (Neumann and Willis 
1994 ). The standard weight equation used for females was 
(1) log10Ws = -6.105 + 3.340 log10TL 
and for males was 
(2) log10Ws = -5.823 + 3.245 log10TL. 
Condition was calculated as 
(3) Wr = 100 (weight of fish I Ws) 
for each fish caught. Wr was averaged for each month. We used a least squares means 
comparison with a Tukey-Kramer adjustment to compare condition differences by month. 
Growth was examined two ways in this study. The first was by directly relating 
known changes in length of fish captured in two or more sampling periods. Calculations for 
growth were restricted to recaptures that spanned approximately a year so that both summer 
(positive) growth and winter (zero or negative) growth were accounted for in the calculation. 
To standardized rates, growth was first calculated as millimeters per day and then multiplied 
by 365 to get the yearly growth. Since ages could not be determined for live fish, these 
growth rates were reported by size at first capture. 
Additional growth rates were determined by back-calculation of lengths at previous 
ages and then calculating annual growth increments (DeVries and Frie 1996). We were 
unable to back-calculate lengths using otoliths because they lacked a definitive focus, so we 
used terminal ages from otoliths and ages up to year eight from the cleithrum to calculate 
annual growth increments. Average length at age estimates derived from this combination of 
methods were then used in the Fisheries Analysis and Simulation Tools (FAST) software 
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package (Slipke and Maceina 2000) to calculate a von Bertanlanffy growth function for each 
sex: 
( 4) Lt = (Linr) * ( 1 - e -k (t + to l) 
Where Lt is length at age t, k is the growth coefficient, t is age in years, and t0 is the time in 
years when length would theoretically be zero. 
Age of Maturity and Fecundity Analysis 
Age of maturity was determined from fish captured during the spring sampling 
periods, when fish were spawning. Lengths of these fish were inserted into the calculated 
von Bertanlanffy growth function to approximate the age of the fish. Age of maturity was 
estimated as the first cohort to show up in spawning run data. 
The number of eggs was determined using both volumetric and gravimetric methods 
and then averaging the results. In the volumetric method, the total volume of eggs from a 
female was measured. Next, the volume of 100 eggs was taken. These measurements were 
used to calculate the total number of eggs by the following equation: 
( 5) X = ( 100 * V) I v 
Where X is the total number of eggs, V is the volume of all the entire sample of eggs, and v 
is the volume of the sample. In the gravimetric method, the total weight of the egg sample 
was recorded. Next, 100 eggs were weighed. These measurements were used to calculate 
the total number of eggs by the following equation: 
( 6) X = (100 * W) I w 
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Where X is the total number of eggs, W is the weight of the entire sample of eggs, and w is 
the weight of the sample. Three replicates were done for each method and the average was 
the estimate of egg production. 
Results 
Limnological Conditions 
Thermal profiles show that the lake developed a thermocline by mid June and 
returned to a mixed state by September. The profiles also show lake temperatures near 
optimum growth temperatures in July and August (Figure 1 ). 
Dissolved oxygen profiles show sufficient oxygen levels in the top two meters in all 
months and above four meters for all months except July 2002. Oxygen levels begin to 
decline after reaching the 3.5 meters in all months except July 2002 when it began to decline 
below two meters (Figure 2). 
The continuously recording thermographs illustrate the summer thermal regime 
(Figure 3). Above the thermocline, there is a seasonal effect ofrising temperatures peaking 
in July and August. Thermograph profiles also show daily and weekly variation. They also 
illustrated that the water temperatures reached optimum growing levels and fluctuated around 
this temperature from July into September. Below the thermocline, temperatures were more 
stable but still showed an increase through the summer months. In all cases, temperatures 
never reached the upper thermal limit for muskellunge. 
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Tag Loss and Handling Mortality 
Of 320 recaptures, only four fish had lost their tags, a loss of 1.25%. Of these, three 
were initially captured in 2001 and the fourth in 2002. Seventy-three fish were held in the 
holding pen. A total of six fish were found dead in the holding pen. Three of these deaths 
could be attributed to non-handling effects, where fish were found either tangled in the 
comers or wedged into small holes in the holding net. The other three mortalities, 4.1 % of 
the fish in the pen, were attributed to stress from sampling procedures. 
Angler Pressure and Harvest 
Twenty-nine fishing parties returned usable surveys and reported fishing 736.31 
hours on Shoepack Lake and catching 164 muskellunge in 2001. Total angler success rates 
for 2001 equaled 0.223 fish per angler per hour during the months of May through September 
(Figure 4). The average fishing party success rate was 0.305 fish per angler hour. Of the fish 
caught, five (~3%) were above the 762 mm minimum harvest length limit. Anglers kept no 
fish. 
Twenty-nine fishing parties returned usable surveys and reported fishing 481. 75 
hours on Shoepack Lake and catching 145 muskellunge in 2002. Catch rates for 2002 
equaled 0.301 fish per angler per hour during the months of May through September (Figure 
4). The average fishing party success rate was 0.382 fish per angler hour. Of the fish caught, 
six (~4%) were above the 762 mm minimum length limit. Anglers kept 2(~1 %) of all fish 
caught. 
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Mark-Recapture Population and Survival Estimates 
A total of 1,066 fish were captured between May, 2001 and May, 2003. Numbers of 
captured fish ranged from 241-347 during the spawning run and from 8-57 in subsequent 
summer capture periods. During the study period, 736 unique fish were caught with 320 
recaptures and 74 mortalities (sacrificed and sampling) (Table 1). The total number of fish 
minus the number of known mortalities leaves an estimated 672 tagged fish currently in 
Shoepack Lake. Size of muskellunge caught ranged from 469 mm to 820 mm with 78% of 
fish in the 560 mm to 680 mm range. 
The fully time-dependant Jolly-Seber model would not converge in MARK, so 
survival was constrained to seasons for the global model. Program RELEASE goodness of 
fit statistics (Pearson x.2=15.0512, df=8, P=0.0582) indicate adequate fit and some evidence 
of over-dispersion (c=2.18). This over dispersion was corrected for by using 2.18 as a c 
adjustment. Four models had delta QAICc values less than two, and were used to calculate 
the parameter estimates (Tables 2 and 3). When models with time and dam varying 
Lambda's were introduced, delta QAICc values for these models were greater than five and 
thus excluded from the model averaging. 
The estimated population size at the beginning of the study was 1120 fish (95% 
confidence 842-1399) with a summer survival rate of 0.987 (95% confidence interval 0.752-
0.999) and a winter survival rate of 0.963 (95% confidence 0.845-0.992) (Table 3). Overall 
population size was declining over the time period of the study, 'A= 0.974 (95% confidence 
0.842-0.996) 
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Growth and Condition 
Based on the field data, the growth rates for both females and males declined with 
increasing size (Figures 5 and 6). Female growth rates were less than 50 mm a year with 
little to no growth beyond 722 mm. Male growth rates were less than 50 mm a year with 
little to no growth occurring beyond 663 mm. Growth rates in both genders were less than 
rates reported for lakes in Ontario (Casselman et al 1999) and Wisconsin (Hanson 1986) 
(Figures 5 and 6) . 
The von Bertalanffy growth equation for females was L1 = (749.474) * (1 - e <-0·231 * (t 
+ 0·628))) (Figure 7). The von Bertalanffy growth equation for males was Lt= (683.064) * (1 -
e <-0·297 * (t+0.30S))) (Figure 8). Female and male lengths for ages 1-6 years did not vary 
significantly (p = 0.5562, 0.4531, 0.4300, 0.1750, 0.3870, and 0.6788). Female ultimate 
length was greater than that of males. While growth curves where similar to other 
populations of muskellunge at younger ages (Figure 9), they begin to diverge by age five. 
Shoepack Lake muskellunge ultimate lengths were smaller than other lakes (Figure 9). 
Wr averaged 79.75 (SE= 0.31) for all male muskellunge caught (Figure 10) and 
82.58 (SE = 0.42) for all female muskellunge caught (Figure 10). Literature estimates of Wr 
averaged 93.20 with a 1.19 standard error (Neumann and Willis 1994). There is a significant 
difference (p < 0.0001) between the average female, average male, and literature average 
conditions. There were no significant differences (a > 0.05) between May 2002 and May 
2003 average Wr for both females (p = 0.1963) and males (p = 0.3762). May 2002 and May 
2003 were significantly different from May 2001 in both females (p < 0.0001 and p = 0.0227 
respectively) and males (p < 0.0001 and p < 0.0001 respectively). 
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Fecundity and Age of Maturity 
Based on length offish caught during the spawning run, SLMP females reach sexual 
maturity between the ages of six and seven. SLMP males reach sexual maturity between the 
ages of four and five. This is similar to other muskellunge populations where a majority of 
females mature between 6-8 years and males between 5-6 years (Cook and Solomon 1987). 
Approximate number of eggs per female was obtained from four females ranging from 
22,000-28,000. Sample size was small due to the ineffectiveness of the preservative, 
Gilson's fluid, from samples collected the first year. 
Discussion 
It has been known that Shoepack muskellunge were smaller than other strains of 
muskellunge (Anderson 2000). The Minnesota Department of Natural Resources terminated 
its use of the Shoepack strain for stocking purposes and switched to a Mississippi River 
strain from Leech Lake, which has a faster growth (Y ounk and Strand 1992). Y ounk and 
Strand's (1992) evaluation of four muskellunge strains did provide some information on 
growth and survival of Shoepack strain muskellunge, but it was not conducted in Shoepack 
Lake. They found that the Shoepack strain grew more slowly than other strains stocked in 
Minnesota with differences becoming larger as fish got older. The Shoepack strain 
muskellunge ultimate lengths were greater in lakes outside of Shoepack Lake. This can be 
expected as lake conditions were varying with some having better growth conditions. 
Shoepack muskellunge growth is similar to other populations in the first few years of life but 
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becomes much slower than other populations (Figure 9). Its ultimate length is much smaller 
than other muskellunge populations suggesting ecological, biological, or genetic differences. 
Slow growth in muskellunge has been attributed to a lack of prey. Carlander (1969) 
noted that growth in Nogies Creek, Ontario was similar to other populations, but slowed later 
due to small populations of white sucker and perch. He also found that growth was slower in 
George Lake, Wisconsin because predation eliminated perch age two and older. The high 
density of the SLMP favors this idea but anecdotal evidence of prey fish suggests that this is 
not reality. Yellow perch catches were abundant with a variety of sizes. Though not as 
abundant, numbers of white suckers were also seen in addition to large numbers of golden 
shiners and blacknose shiners. Yellow perch, golden shiner, crayfish, pearl dace, white 
sucker, and numerous unidentified fish were found in stomachs of sacrificed fish. Yellow 
perch was the most common species found in Shoepack Lake muskellunge stomachs. 
Condition of Shoepack muskellunge is below that of other populations. This is not a 
good indicator of the overall health of the population as the condition equation is based on 
the 75th percentile rather than the average and was done to set a goal for managers who are 
looking to improve angling. Condition can still be useful for intra population comparisons. 
It was an informative tool to use in assessing the loss of the beaver dam. Muskellunge 
condition improved after the water loss despite the reduction in habitat. One possibility is 
that condition increased because fish likely had more opportunities to capture prey items. 
With the dam going out, prey fish were condensed in a smaller area making densities higher 
and better opportunities for muskellunge. Also, these prey fish were pushed out of cover into 
areas that have not had time to develop cover. These increases in condition might offset or 
reduce the immediate impacts associated with the dam loss .. 
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The SLMP showed negative population growth during the study period. This could 
be attributed to the loss of the beaver dam and the reduction in carrying capacity of the lake. 
Evaluating other factors related to muskellunge declines is still necessary to determine the 
overall threat to viability of this population. 
Self-sustaining muskellunge populations in their native range have been diminishing 
(Dombeck et al., Hansen 1986, Zorn et al. 1998). This decline has been attributed to several 
causes: (1) out competed by northern pike, Esox luscious (Oehmecke et al 1974, Inskip 
1986); (2) overharvest (Bimber and Nicholson 1981); (3) reproductive failure (Oehmeke et al 
1974; Scott and Crossman 1973; Porter 1977; Trautman 1981; Dombeck 1984; Hanson 1986; 
Zorn 1998). 
The Shoepack watershed does not contain northern pike at this time. It should not be 
totally discounted as a potential threat as ubiquitous populations are located within short 
distances of the lake. Angler stocking of smallmouth bass, largemouth bass, and walleye has 
occurred in Voyageurs Park. Fish could be introduced from nearby Rainy Lake or Jorgen's 
Lake by foot or plane, having a devastating effect on the muskellunge population. The 
introduction of smallmouth bass into Beast Lake of the park has had a devastating affect on 
the native northern pike population. A similar effect would likely happen if northern pike 
were introduced into the Shoepack Lake watershed. 
Angler surveys show a very low harvest rate, averaging one per year. The remoteness 
of the lake, size of the fish, and increasing trend of catch and release in the muskellunge 
fishery contribute to this low rate. In addition, the 762mm minimum length limit protects a 
majority of the fish. Though harvest rates are virtually non-existent, catch rates of 
muskellunge at Shoepack Lake are a magnitude higher than mean catch rates of 0.038 
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fish/angler hour reported from northern Wisconsin (Simonson and Hewett 1999), 0.027 
fish/angler hour in Minnesota (Y ounk and Cook 1992) and 0.043 fish/angler hour in Ontario 
(Duffy et. al. 2000). This raises the concern of angling stress leading to mortality. 
Muskellunge hooking studies are limited but have been documented to cause 10-13% 
mortality in Illinois impoundments (Newman and Storck 1986). Physiological analysis 
suggested that mortality could be as high as 30% in Nogies Creek (Beggs et al 1980). 
Angling stress was not directly measured in this study but could be reasonably estimated as 
approximately the same as netting mortality in Shoepack Lake because probabilities of a 
tagged fish subsequently seen again between angling and netting was not significantly 
different (Pearson x2= 1.554, df = 1, p = 0.2126). Estimating that angling mortality was 4.1 % 
would translate into between six and seven mortalities in 2001 and 2002. At 13%, this would 
be 19-21 mortalities per year. This may not be a concern when the population numbers are 
high, but as they decline, they become more significant. 
Reproductive failure in muskellunge has several potential causes: (1) failing to 
protect females to first spawning (Hanson 1986); (2) food availability (Oehmeke et al 1974); 
(3) water conditions during spawning (Oehmeke et al 1974); (4) egg and fry predation 
(Oehmeke et al 1974; Scott and Crossman 1973; Porter 1977); and (5) spawning habitat loss 
or alteration (Trautman 1981; Dombeck et al 1984; Dombeck et al 1986; Zorn 1998). Even 
with the current minimum length regulation ensuring that females not only reach one 
spawning season but several seasons, muskellunge recruitment in Shoepack Lake is low due 
to natural conditions. 
The remoteness of Shoepack Lake limits the human alteration that leads to reduced 
recruitment. Reproductive success is low due to a variety of natural factors. This is 
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common among muskellunge populations. Water conditions can vary greatly during the 
spawning season in Northern Minnesota. Warming conditions can quickly tum back to 
cooler conditions in a short period of time. These fluctuations can reduce egg and fry 
survival. Additionally, studies have shown that only 21-35% of naturally spawned eggs are 
fertilized (Scott and Crossman 1973, Gammon 1986). The lake contains leeches, giant water 
bugs (Belostomatidae ), and water beetles (Dytiscidae) in addition to the other fish species 
that prey on the eggs and fry. Shoepack Lake is not very productive. Young fry rely on 
zooplankton for 1-3 weeks after the yolk sac is absorbed (Scott and Crossman 1973). Given 
the longevity of this population, this suggests that year classes are variable but likely average 
out to equal mortality rates over a long period of time. 
Densities are higher than other waters despite evidence of similar recruitment rates. 
Shoepack muskellunge densities before the loss of the dam were 4.79 fish/hectare compared 
to 0.23-1.53 fish/hectare recorded in other lakes (Hanson 1986). Immigration into the 
population is non-existent due to numerous fish barriers and lack of a nearby muskellunge 
population to immigrate into Shoepack Lake. With evidence that recruitment is similar to 
other lakes, survival rates must be higher to obtain these densities. The estimates of survival 
support this evidence. 
Management Implications 
This study was not conducted over a long enough time period to fully examine the 
impact of losing the beaver dam. The overall condition of muskellunge in Shoepack Lake 
rose after the dam failure. This probably has delayed a large population decline that one 
would expect with the reduction in lake size. Our measure of rate of population change did 
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indicate that this population is declining. This decline may reduce the population size to a 
point of concern. A smaller population size is more vulnerable to stochastic events, angling 
mortality impacts, and genetic concerns. These circumstances call for a reevaluation of 
current management practices. 
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Table 1. Summary of sampling activities from May, 2001 to May, 2003 in Shoepack 
Lake, Minnesota. Sampling activity includes fyke-netting, gill netting, and fish 
mortalities. 
1 
Condensed periods for MARK analysis 
I 2 I 3 I 4 I 5 
Sampling Period 
1 2 3 4 5 6 7 8 9 10 
Total Fish Caught 327 57 40 43 8 241 37 49 20 244 
Previously Tagged Fish 0 17 15 8 2 89 15 20 12 142 
Newly Tagged Fish 327 40 25 35 6 152 22 19 8 102 
Total Dead Fish 22 13 14 1 0 8 14 2 0 0 
Tagged Dead Fish 2 5 13 1 0 3 12 2 0 0 
Non-Tagged Dead Fish 20 8 1 0 0 5 2 0 0 0 
Tagged Fish in Lake 325 360 372 380 386 535 545 562 570 672 
Sample period notation: 
l=May 2001, 2=June 2001, 3=July 2001, 4=August 2001, 5=September 2001, 6=May 2002, 7=June 2002, 
8=July 2002, 9=August 2002, and lO=May 2003 
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Table 2. Models used in program MARK to analyze mark/recapture data from Shoepack Lake, 
Minnesota, collected from May, 2001 to May, 2003. Model selection and weights include a c-
hat adjustment of 2.1787964. The parameters included in the models are survival (Phi), 
capture probability (p), finite population growth rate (L), and initial population size (N). 
Parameters could be constant(.), time varying (t), or seasonably varying (s) over the study 
period. 
Delta QAICc Model 
Model QAICc QAICc Weight Likelihood # Parameters Qdeviance 
Phi(.)p(t)L(.)N 915.217 0.00 0.29286 1.0000 8 33.300 
Phi(s)p(s)L(.)N 915.473 0.26 0.25767 0.8798 6 37.610 
Phi(.)p(s)L(.)N 915.893 0.68 0.20887 0.7132 5 40.051 
Phi(s)p(t)L(.)N 915.932 0.72 0.20483 0.6994 9 31.984 
Phi(t)p(s)L(.)N 919.422 4.21 0.03577 0.1221 8 37.506 
Phi(.)p(.)L(.)N 965.700 50.48 0.00000 0.0000 4 91.876 
Phi(s)p(.)L(.)N 967.627 52.41 0.00000 0.0000 5 91.786 
Phi(t)p(.)L(.)N 970.322 55.11 0.00000 0.0000 7 90.434 
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Table 3. Program MARK estimates of parameters for Shoepack Lake, Minnesota, 
from mark/recapture data collected from May, 2001 to May, 2003. Estimates are 
derived from weighted models with delta QAIC values less than two. 
95% Confidence Interval 
Parameter Estimate SE Lower u~~er 
Survival (Summer) 0.987 0.0124 0.752 0.999 
Survival (Winter) 0.963 0.0247 0.845 0.992 
Capture Probability (Period 1) 0.303 0.0388 0.222 0.399 
Capture Probability (Period 2) 0.158 0.0218 0.116 0.212 
Capture Probability (Period 3) 0.258 0.0331 0.187 0.343 
Capture Probability (Period 4) 0.137 0.0209 0.098 0.189 
Capture Probability (Period 5) 0.267 0.0460 0.181 0.374 
Lambda 0.974 0.0193 0.842 0.996 
Population Size 1120 130 842 1399 
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Figure 1. Shoepack Lake, Minnesota, temperature profiles for summer months in 2001 and 
2002. Temperatures were taken every half-meter to the bottom in the deepest part of the 
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Figure 2. Shoepack Lake, Minnesota, dissolved oxygen for summer months in 2001 and 
2002. Dissolved oxygen readings were taken every half-meter to the bottom in the deepest 







































......... S.o.u.th . .Bay::. D.e.ep ........ . 
6/1 7 /1 8/1 9/1 10/1 
......... S.a u th. Bay .. ":. Sh all.o.w .... 
----t~ll-~-­
.. ~.!;i -tr \;;.t-.,.,\1 
IA' ... · ... ·.·'···!~,, ~, \ ,,, 
6/1 7 /1 8/1 9/1 10/1 
................. East.Bay ................ . 
-2001 
2002 
- Optimum Temperature 
· · · · Upper Temperature Limit 
6/1 7 /1 8/1 9/1 10/1 
Date 
Figure 3. Shoepack Lake, Minnesota, daily summer temperatures by lake location for 
summer months in 2001 and 2002. Continuously recording thermographs were placed one 
meter below the surface at the deepest point in the lake (South Bay - Shallow) and in the 
middle of the eastern bay (East Bay). One was also placed one meter above the bottom at the 
deepest point in the lake (South Bay - Deep). Optimum growth and upper lethal 
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Figure 4. Catch per angling hour on Shoepack Lake, Minnesota, for years 2001 and 2002. 
CPUE was calculated from returned angler surveys. Average fishing party CPUE is the 
average of usable surveys. Total CPUE was calculated by combining surveys. 
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Figure 5. Shoepack Lake, Minnesota, female growth rates calculated by directly relating 
changes in length of fish captured in two or more sampling periods and standardized to one 
year. It is compared to growth rates from other lakes (Hanson 1986; Casselman et al 1999). 
41 
Other Lakes 
Shoepack Lake Growth 
15 













45 50 55 60 65 70 75 
Initial Length (cm) 
Figure 6. Shoepack Lake, Minnesota, male growth rates calculated by directly relating 
changes in length of fish captured in two or more sampling periods and standardized to one 
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Figure 7. Length at age for female muskellunge from Shoepack Lake, Minnesota. Means are 
from cleithrum back calculated lengths and/or lengths at observed otolith ages. Sample sizes 
and 95% confidence limits are shown by each age. The Von Bertalanffy growth curve 
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Figure 8. Length at age for male muskellunge from Shoepack Lake, Minnesota. Means are 
from cleithrum back calculated lengths and/or lengths at observed otolith ages. Sample sizes 
and 95% confidence limits are shown by each age. The Von Bertalanffy growth curve 
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Figure 9. Comparison of growth rates between Shoepack Lake, Minnesota, muskellunge and 
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Figure 10. Average Shoepack Lake, Minnesota, muskellunge conditions of captured fish 
from May, 2001 to May, 2003. Sample sizes and 95% confidence limits are shown by each 
estimate. Literature average (Neumann and Willis 1994) is illustrated. 
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CHAPTER 3: USING DEMOGRAPHIC DATA TO SIMULATE 
POSSIBLE EFFECTS ON EFFECTIVE POPULATION SIZE FOR 
MUSKELLUNGE IN SHOEPACK LAKE, VOYAGEURS NATIONAL 
PARK, MINNESOTA 
A paper to be submitted to the North American Journal of Fisheries Management 
Nick K. Frohnauer, Clay L. Pierce, Larry W. Kallemeyn 
Abstract 
Shoepack Lake in Voyageurs National Park, Minnesota, supports a genetically unique 
population of muskellunge. A rain-induced washout of a large beaver dam reduced the 
surface area of Shoepack Lake by roughly one-half during our study, providing dramatic 
evidence for potential future environmental changes. We estimated the ratio of effective 
population size (Ne) to absolute population size (N) using demographic data. We generated a 
set of potential scenarios based on our data, literature values and reasonable assumptions 
about angler exploitation, environmental conditions and carrying capacity. We then 
simulated the effects of each scenario on future population size using Fisheries Analysis and 
Simulation Tools (FAST) for 100 years, and used our calculated Ne to N ratio to estimate 
simulated Ne in each simulation year. Simulated Ne ranged from 165-855. Reduction of 
carrying capacity, such as would be expected to occur following surface area reductions like 
the one we witnessed, was the primary cause of low Ne values in our simulations. Our results 
suggest that both natural phenomena and future changes in exploitation could threaten the 
genetic variability of the muskellunge population in Shoepack Lake. 
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Introduction 
For a species to persist, it must be able to adapt to a changing environment (Meffe 
1986). The rate and capacity for potential evolutionary change in response to environmental 
change is related to the amount of genetic diversity in a population (Meffe and Carroll 1997). 
A decrease in genetic variation reduces future evolutionary opportunities. Maximizing 
genetic variation increases the chances of a species to persist into the future (Simpson 1953). 
Genetic variation can be divided into two parts: within population diversity and among 
population diversity (Meffe an Carroll 1997). Isolated populations that have little or no 
exchange with other populations account for much of the among population variation. 
Protecting these isolated populations helps maintain overall genetic diversity and the natural 
population genetic structure (Meffe 1987). 
Frequently, these isolated populations face problems due to their size. Small 
populations can run into three potential problems affecting genetic variation: population 
bottlenecks, genetic drift, and inbreeding. Population bottlenecks are time periods when a 
population is reduced to a few individuals. Population bottlenecks reduce genetic variation 
to that found in the few surviving individuals. If the bottleneck is temporary and the 
population rebounds within a few generations, the overall effect on heterozygosity is usually 
not critical (Meffe and Carroll 1997). What becomes a concern is the loss of rare alleles in 
the population that contribute little to the overall variance (Denniston 1978). These rare 
alleles may become important during ecological changes or crisis (Frankel and Soule 1981 ). 
Genetic drift is a random change in gene frequencies in populations attributable to the 
random passing of genes from generation to generation (Meffe and Carroll 1997). Alleles 
can become fixed due to this random chance. It has a higher probability in smaller 
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populations. Lastly, the probability of inbreeding increases with a decreased population size. 
The result may be inbreeding depression, which can lead to reductions in fecundity, fertility, 
survival, and growth (Taylor 2003). The effects of inbreeding and the degree to which these 
effects impact a population are being debated. Theoretical and experimental studies are now 
gaining support from empirical wild population data to support the dangers of inbreeding 
(see Allendorf and Ryman 2002; Taylor 2003; and Ryan et al 2003 for an overview). 
The difficulties of small populations in remaining viable are amplified by the fact that 
the relevant measure of population size, effective population size (Ne), is often considerably 
smaller than the actual population size. Hartl and Clark (1997) define the effective 
population size of a population, " ... as the number of individuals in a theoretical ideal 
population having the same magnitude of random genetic drift as the actual population." The 
widely accepted view is that populations with an Ne less than 50 are susceptible to the 
immediate effects of inbreeding depression. Generally, populations with an Ne greater than 
500 are considered "safe" from significant erosion of genetic variation (Meffe 1986; see 
Allendorf and Ryman 2002 for consideration of these criteria). Estimation of Ne is thus a 
critical step in evaluation of potential risks to small, isolated, genetically unique populations 
(Nunney and Elam 1994). 
The precise estimation of effective population size (Ne) can be difficult. Two 
approaches are used to estimate effective population size: genetic methods and ecological 
methods. Ecological methods are indirect and rely on ecological measurements that are 
theoretically or empirically related to effective population size (Nunney and Elam 1994). 
Ecological methods are useful in helping deduce factors that may be contributing to 
reductions in effective population size. For example, the harvest of large females in a 
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population skews sex ratio reducing effective population size. Management can than focus 
on protecting females. Genetic methods use samples from individuals in the population and 
current DNA technology to estimate effective population size. Both methods are useful in 
the correct context. Genetic methods are more appropriate for population monitoring, while 
ecological methods are more useful for evaluating different conservation strategies (Nunney 
and Elam 1994). 
The Shoepack Lake muskellunge population (SLMP) in Voyageurs National Park, 
Minnesota, is of concern both as a fishery resource and as a genetically unique population 
that is potentially at risk for loss of long-term viability. Maintaining this unique muskellunge 
gene pool is a high priority for Voyageurs National Park (Voyageurs National Park 2001). 
There is a need to investigate the SLMP to assess the validity of current regulations and 
identify possible future threats. 
The Shoepack Lake muskellunge population is considered genetically unique because 
of hydrologic isolation (Hanson et al. 1983; Fields et al. 1997). Research has shown that 
strains of fish species are correlated with specific watersheds (Fields et al. 1997). The 
Shoepack Lake watershed is made up of Shoepack Lake, Little Shoepack Lake, several small 
feed streams, and bog areas. The only outlet flows into Rainy and has numerous barriers to 
fish movement. Moreover, Rainy Lake does not support an established muskellunge 
population, further isolating the Shoepack watershed muskellunge population. The Shoepack 
watershed has been isolated since the end of the last glaciation, over 10,000 years. Isolation 
has been long enough for the population to diverge from others. This evidence leads us to 
consider this population genetically unique until genetic testing shows otherwise. 
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The SLMP, like most self-sustaining muskellunge populations that still exist, is 
potentially at risk from a combination of over exploitation and natural reduction oflong-term 
viability due to small population size (Hanson et al. 1986). Once genetic decay has begun, it 
becomes more difficult for isolated populations to recover and prevent substantial loss of 
genetic variation (Meffe 1987). The remoteness of Shoepack Lake makes it difficult to 
monitor and assist the muskellunge population. The best course of action is wise 
management to ensure the viability of the SLMP. 
The purpose of this project was to use current fisheries management software with 
genetic theory and demographic data to evaluate potential threats to the long-term viability of 
the population that may warrant management action. We use demographic data collected 
from Shoepack Lake to: 1) estimate Ne from field and literature data; 2) evaluate potential 
threats to long-term population viability through simulations of effects of natural population 
fluctuations and exploitation on Ne;, and 3) make recommendations for management. 
Study Site 
Shoepack Lake (48°30' N; 92°53' W) is located on the Kabetogama Peninsula in 
Voyageurs National Park (VNP), MN. The Kabetogama Peninsula is forested and devoid of 
roads. Access to Shoepack Lake is only possible by float plane or a rugged, five kilometer 
trail. The lake has several small inlet streams from nearby lowland areas and one coming in 
from the adjacent Little Shoepack Lake, which is fed by surrounding wetland areas. A single 
outlet stream flows from Shoepack Lake into Rainy Lake. Barriers to upstream fish 
movement from Rainy Lake include numerous beaver dams and a 50 m long rock slab 
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known as the "bear slide", over which water flows as a thin film. This rock slab is apparently 
a highly effective barrier, since northern pike (Esox lucius), which are ubiquitous in Rainy 
Lake and most of the other VNP lakes, do not occur above it in the Shoepack Lake drainage. 
Of the 26 interior lakes in VNP, Shoepack is the only lake system with muskellunge. 
Shoepack Lake water levels are highly regulated by beaver dams. At the beginning 
of this study, a large beaver dam was located at the outlet with a 2.16-meter head. Remnant 
beaver dams were also evident near the outlet. Before July 23, 2001, Shoepack Lake had a 
surface area of 234 hectares, including wetland areas adjoining the lake that were still 
suitable for fish use. On July 23, 2001 the large beaver dam at the outlet of Shoepack Lake 
broke causing the water level in the lake to drop 0.90-1.20 meters and lose 1.62 -2.16 million 
Kiloliters of water. After the beaver dam failure, Shoepack Lake stabilized at a new surface 
area of 125 hectares or 53% of its previous area. In addition, many of the marshy lake 
margins supplying complex littoral zone habitat were dewatered and no longer accessible by 
fish. 
Prior to the dam failure, Shoepack Lake's maximum depth was 7.3 m with a mean 
depth of 2.9 m. The water, which is heavily stained (color= 80 pt-co units), is soft with a 
total alkalinity of 4.1 mg/L (Payne 1991). Chlorophyll a concentrations are 2.2-4.7 ug/L 
(Payne 1991) translating to low primary production and low densities of zooplankton (Lillie 
and Mason 1983). Shoepack Lake also supports little aquatic vegetation (Anderson 2000). 
Voyageurs National Park maintains a rowboat on Shoepack Lake and two canoes on 
Little Shoepack Lake available to the public. Use of these boats is controlled by a checkout 
system, providing records of annual usage. The Shoepack Lake boat is primarily checked out 
52 
by fly-in anglers, where as, walk-in anglers tend to use the canoes. Boat usage has increased 
steadily in the Shoepack watershed over the past 15 years (Figure 1 ). 
Fish species found in Shoepack Lake in addition to muskellunge are yellow perch 
(Percajlavescens), white sucker (Catostomus commersoni), blacknose shiner (Notropis 
heterolepis), golden shiner (Notemigonus crysoleucas), finescale dace (Phoxinus neogaeus), 
northern red belly dace (Phoxinus eos), johnny darter (Etheostoma nigrum ), mottled sculpin 
(Cottus bairdi), and Iowa darter (Etheostoma exile) (Anderson 2000). 
Materials and Methods 
Estimating Effective Population Size (Ne) 
Effective population size was calculated from abundance data collected and life 
history traits from the literature. The ratio of effective population size (Ne) to population size 
(N) was calculated using the equation published by Nunney and Elam (1994). This equation 
is given by: 
(1) Ne/N = 4r (1- r) TI [rAf(l + IAf) + (1- r) Am (1 + IAm) + (1-r) Ibm + rlbd 
The parameters are: effective population size (Ne), population size (N), sex ratio (r), average 
adult life span of females (Af) and males (Am), generation time (T), standardized variance in 
the life span of females (IM) and males (IAm), and standardized variance in the reproductive 
success of females (lbf) and males (Ibm) (see Nunney and Elam 1994 for an more in depth 
explanation of the variables). Effective population size is based on the breeding portion of a 
population. For Shoepack Lake, we consider this portion as fish age five and older. 
Effective population size was calculated from a pre-dam destruction and potential post dam 
population size. Recruitment information (female reproductive success) of fish joining the 
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mature population was lacking so two estimates of Ne were calculated to examine the effect 
different recruitment rates had on the estimation of Ne. 
Sex ratio was established as 0.50 because there was no evidence to the contrary in the 
mark/recapture portion of the study (Frohnauer 2004). 
Average adult life span was estimated from field lengths of fish captured during the 
spawning period. Ages were calculated by rearranging the von Bertalanffy growth function 
(Frohnauer 2004) for each sex to solve for age using lengths. Ages were averaged for each 
sex and a standardized variance was calculated for each as (variance) I (mean)2. Generation 
time was estimated from average age of maturity of fish 
(2) Mi= (Mr+ Mm) I 2 
and average adult life span 
(3) Ai= (Ar+ Am) I 2 
Generation time was calculated as 
(4) T =Mi - 1 +Ai 
Standardized variance of female reproductive success was estimated dually using a 
reproductive success based on field data and a reproductive success based on other 
muskellunge populations. Given that this native population has survived for IOOO's of years, 
it was assumed that the initial population size was near stable at the carrying capacity so 
recruitment of fish into the sexually mature portion of the population was equal to natural 
mortality. We calculated two estimates of female reproductive success from a natural 
mortality estimated from our mark/recapture estimates and an estimate from other self-
sustaining muskellunge populations. Using this information, a proportion of adult females 
consistent with a Poisson distribution of seasonal success ( Uf) was estimated from the 
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proportion of females producing young (p ), mean productivity of females producing at least 
one offspring (x), and a value (br) derived from the proportion of females producing zero 
young under a Poisson distribution. Under a Poisson distribution, the proportion of 
successful females is given by: 
(5) ar= (x * p) I (br) 
and the standardized variance of female reproductive success by: 
Standardized variance of male reproductive success was estimated using the lottery 
polygyny system proposed by Nunney and Elam (1994 ). Under this system, females mate 
once per season but males attempt to mate many times. The random union of gamete system 
was another option because females are known to have two distinct egg laying periods and 
the use of communal spawning grounds opening the possibility for multiple successful males 
per spawning female. We used the lottery polygyny system because the chances of multiple 
male successes with one female were consider unlikely. First, females pair off with males 
during the spawning ritual reducing the number of males down to two. Second, the very low 
survival rate of offspring that grow to reproductive age makes it a reasonable assumption that 
only a fraction of females are successful every year. Successful hatching is closely linked 
with time related spawning conditions (temperature, wind patterns, water levels, etc.) 
reducing the window of success to a small time frame. The time frame is not likely to cover 
both spawning attempts by the female. We assumed then that successful females only have 
one successful male partner. The second part of the lottery polygyny system is that males 
attempt to mate more than once many times during the spawning season. Shoepack 
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muskellunge stay on spawning grounds and attempt to breed with as many females as 
possible. Standardized variance of male reproductive success is given as 
(7) Ibm = K + (1 - am) I am 
where am is the proportion of adult males attempting to breed and K is a correction factor 
based on the type of mating system. Under the lottery polygyny system, 
(8) K = r I [(1 - r) af] 
and am= 1. 
Simulating Future N and Ne 
We used the software package, Fisheries Analysis Simulation Tools (FAST) (Slipke 
and Maceina 2000), to simulate future variation in N and Ne under a variety of scenarios. 
The program is based on the Jones modification of the Beverton-Holt equilibrium model to 
estimate yield and given by: 
(9) Y = (F * Nt * ezr * Winf) * K 1 * [p(X, P, Q)] - [p(X1, P, Q)] 
Where F equals the instantaneous rate of fishing mortality, N1 equals the number of recruits 
entering the fishery at some minimum length at time t, Z equals the instantaneous rate of total 
mortality, r equals the time in years to recruit to the fishery, Winf equals the maximum 
theoretical weight derived from predicting this weight using Linf and the weight-to-length 
regression equation, K equals the growth coefficient in the von Bertalanffy growth equation, 
~is the incomplete Beta function, X equals e-Kr, X 1 equals e-K(Maxageofpopulation-to>, P equals 
Z/K, and Q equals the slope of the weight-length relation + 1. The output from simulations 
includes many parameters, including population size. Population is size is the summation of 
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the age classes. Age class sizes are dictated by recruitment size, natural mortality, and 
fishing mortality. 
Simulations were run using an estimate of pre-dam destruction population (referred to 
as the initial population size) and hypothesized post-dam destruction population size 
(referred to as projected reduced population). Initial population size was determined from 
mark/recapture calculations and was estimated as 1,120 fish (Frohnauer 2004) or 4.79 fish 
per hectare. The effect of losing the dam was not immediately seen on the SLMP. 
Following the dam failure, the surface area of Shoepack Lake was reduced by nearly 50%, 
potentially representing a 50% reduction in the long-term carrying capacity for muskellunge. 
Based on this potential, the projected reduced population was estimated as 600 fish, 
approximately 50% of the initial population size. 
Population size is controlled by four factors: immigration, emigration, mortality, and 
recruitment. Immigration and emigration were considered negligible for this system because 
of the barriers to fish movement, lack of a nearby population, and no evidence of fish 
movement downstream after the loss of the dam (Frohnauer 2004). Mortality was further 
broken down into natural and angling mortality. Angling mortality includes deaths from both 
harvesting and those caused by handling of fish. The average number of recruits per year 
and associated variability were recruitment parameters. Using this as a guide, we varied 
population size, recruitment, natural mortality, and angling mortality in FAST to simulate 
population size for 100 years. 
Natural mortality alternatives included the current estimated mortality from the mark-
recapture analysis and a higher level based on the literature. In addition to evaluating zero 
(none) angling mortality, we also used low and high rates. Angling mortality includes both 
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harvest and handling mortality. Handling mortality was estimated to be the same as netting 
mortality based on our finding that there was no significant difference in probability of 
capturing a fish again after it had been captured by netting or angling (Frohnauer 2004). 
Low and high rates of angling mortality were based on theoretical harvest and handling 
mortalities estimated from angler surveys. Rates were projected based on a high estimate of 
angler hours, the highest catch per unit effort calculated, 100 percent harvest of fish over 762 
mm, and two different population sizes. A low mortality rate was estimated from the ratio of 
angling mortalities to the initial population size and a high mortality rate was estimated from 
the ratio of angling mortalities to projected reduced population. A current angling mortality 
rate was calculated using the current population size and average angler hours, average catch 
per unit effort, and harvest rates based on 2001 and 2002 angler surveys. 
Program FAST has several options for recruitment including fixed, random 
(uniformly distributed), random (normally distributed), strong year class (every Nth year or 
random), and customized. We were unable to obtain recruitment data from Shoepack Lake 
and recruitment information for muskellunge is lacking. We established baseline recruitment 
rates by using the FAST software. In the fixed recruitment option in FAST, population size 
is constant with unvarying recruitment and mortality rates. The fixed recruitment was varied 
until we reached the population size (age five and older fish) in which we were interested in 
running simulations on. Muskellunge recruitment is naturally low (Solomon and Cook 1987) 
and variable from year to year and from population to population (Simonson Wisconsin 
DNR, personal communication). We used the random, normally distributed option. The 
average was set to the fixed values obtained for the population sizes used in the simulations. 
The variability in recruitment success is poorly understood and is likely lake specific, so we 
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varied standard deviation by an arbitrarily chosen low or a high value. The values were 
meant to show the impact of variability on population size rather than being predictive. 
This set of alternative equilibrium population sizes, natural mortality, fishing 
mortality, and recruitment values in combination with two estimated Ne's resulted in 24 
scenarios. In addition, two scenarios using best current (May 2003) estimates of the 
parameters were simulated. These the initial population size multiplied by the calculated 
lambda (Frohnauer 2004) to estimate current population size. The current natural mortality 
rate was used. Angling mortality rates were calculated from 2001 and 2002 angler surveys. 
Program FAST also allows the user to examine segments of the population. We were 
interested in the segment of the population that was sexually mature, age five and older fish. 
Using the value calculated from the Ne/N equation and simulated population size of sexually 
mature fish, we calculated Ne for each simulation year. 
Results and Discussion 
Effective Population Size 
The ratio of females to males, r, was set at 1: 1 because there was no evidence of 
skewed sex ratios. Average adult lifespan (Ai) and a standardized variance (IAi) were 
calculated from ages estimated from lengths of fish caught during the spawning capture 
period (Frohnauer 2004). For females, this was 11.1 and 0.0786, respectively. For males, it 
was 9.56 and 0.189, respectively. Generation time (T) was estimated using average age of 
maturity(= [Mr+ Mm]/ 2) plus average adult life span(= [Ar+ Am]/ 2) and then subtracting 
one, which equaled 15.3. 
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Mortality rates (Frohnauer 2004) were used to estimate a standardized variance of 
reproductive success. Using mortality estimates from MARK ( ~0.05), a proportion 0.10 of 
females successfully reproduced with a mean productivity of 1.52. This gives an Ibr of 4.94. 
Using the lottery polygyny model (Nunney and Elam 1994) for male reproductive success, 
Ibm equals 5.94. This gives a Ne/N of 0.66. This Ne was used in simulations with current 
natural mortality. 
Using a mortality value of 0.10 from self-sustaining muskellunge populations in 
Wisconsin (Simonson Wisconsin DNR, personal communication), a proportion 0.20 of 
females successfully reproduced with a mean productivity of 1.62. This gives an Ibr of 2.25. 
Using the lottery polygyny model (Nunney and Elam 1994) for male reproductive success, 
Ibm equals 3.25. This gives a Ne/N of 0.75. This Ne was used in simulations with two times 
the current natural mortality. 
Simulating Future N and Ne 
Natural mortality in Shoepack Lake estimates was calculated by mortality estimates 
from MARK minus fishing mortality, resulting in 0.0451. A higher natural mortality value 
of 0.100 was also used to evaluate its effect on Ne. This value was twice as high as the 
estimated value but still less than values reported in other self-sustaining muskellunge 
populations, 0.13-0.16 (Simonson Wisconsin DNR, personal communication). 
Angling mortality was based on 976 angler hours, a 0.3010 catch per angler hour, and 
a harvest rate of 4% offish caught. Potential summertime use extends from June through 
September, 122 potential angling days. Assuming eight hours of fishing a day, there are 976 
potential fishing hours. Using the higher catch rate from 2002 angler surveys (0.3010) would 
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mean that 294 fish would be caught. Assuming that angler handling mortality equaled 
sampling mortality, 4.1 %, translates into 12 dead fish from handling mortality. Angler 
surveys report that 4% of fish caught are above the 762 mm legal limit. Harvest was set at 
100% oflegal fish (12 fish) for a total of 24 angling mortalities. The low angling mortality 
rate was based on the initial population size estimate (2.5%) and high angling mortality (5%) 
was based on the projected reduced population size. Both estimates of angling mortality 
were rounded up to help reduce underestimating angler mortality. For comparison, angler 
mortality was also set at zero. 
Recruitment for a population with an initial population size of 1120 fish age five and 
older was 85 and 181 new recruits at mortality rates of 0.0451 and 0.100, respectively. 
Recruitment for a population with a projected reduced population size of 600 fish age four 
and older fish was 46 and 97 new recruits at mortality rates of 0.0451 and 0.100, 
respectively. Using these recruitment values as average recruitment, standard deviation was 
set at 25 and 45. 
Two simulations were run with an estimated current population size of 1007 (1120 * 
0.9744), the current natural mortality, an angling mortality calculated from angler surveys in 
2001 and 2002 (7 handling + 1 harvested or approximately 1 % ), and high and low 
recruitment. These parameters were set to assess current best estimates of the parameters. 
Simulated effective population sizes ranged from 165-855 (Figures 2-4). Scenarios 
ranged from completely below to completely above the "500" guideline. All simulations 
using the projected reduced population size were below this guideline. The effective 
population size decreased with decreased population size and increases in fishing mortality. 
A higher mortality rate and hence a higher recruitment number caused an increase in 
61 
effective population size. Recruitment variability caused more variable effective population 
. . . . 
sizes m a given scenano. 
Simulations can be a useful and important tool fisheries managers. Simulations are 
not meant to give accurate, quantitative predictions but to identify possible trends and/or 
consequences of management decisions. Managers can use them to better understand the 
systems they are trying to manage and their options for management (Johnson 1995). These 
simulations are based on data collected throughout the study and combined with literature 
knowledge and established fisheries principles to show potential changes in effective 
population sizes in response to population size changes, mortality rates, and recruitment 
variability. 
The factor most influencing effective population size is the standing number of fish in 
the lake. Our simulations showed that reducing the size of the population by 500 fish was 
enough to drop effective population sizes in all scenarios (Figure 4) to a point where genetic 
degradation could happen. Effective population sizes dipped below 500 for more than half 
the simulation in higher population sizes when fishing mortality was 5% (Figure 3: panels e, 
f, k, 1). Effective population sizes bounced around the 500 level when population size was 
higher and fishing mortality was 2.5% (Figure 3: panels c & d). Recruitment variability 
played a role in this as populations were able to recover above the 500 level faster in the high 
variability scenario. The simulation using best estimates of the current situation shows 
populations are above the 500 levels. 
What can we glean from these scenarios and current knowledge? First, it is important 
to note that the effect of the beaver dam break may not yet be fully realized. It will likely 
result in a smaller population. Second, in the absence of fishing mortality, a population size 
62 
between 600 and 1000 is a "critical" point at which the population can maintain levels above 
500. Third, fishing mortality decreases effective population sizes requiring bigger population 
sizes to prevent potential genetic degradation. Lastly, clearer recruitment information would 
help refine or reduce the number of simulations. 
Management Implications 
For reasons including and beyond the mission of the National Park Service, the 
ultimate goal of this and subsequent studies is to understand and preserve the Shoepack Lake 
muskellunge. In addition to preserving biological systems, National Parks also serve the 
public as providing unique experiences. The Shoepack Lake watershed provides a rare 
opportunity for people to catch the elusive musky, commonly referred to by avid anglers as 
"the fish of 10,000 casts". Though an angler will not catch a "trophy" musky in Shoepack 
Lake, their chances of catching one are a magnitude higher than at other lakes. The 
likelihood of catching one of these elusive fish combined with the spirit of Voyageurs 
National Park; remoteness of lake, aesthetic beauty, and minimal human impact; provides an 
extraordinary experience for people. 
Catastrophic natural events such as the beaver dam failure, which we simulated as a 
50% reduction in carrying capacity, pose the greatest threat to long-term population viability 
of the SLMP. Events like this cannot be controlled, and the best course of action would be to 
maintain the largest possible SLMP in hopes that any future reductions due to natural causes 
could be minimized. Our primary management recommendation for the SLMP is to 
encourage reestablishment of the dam at the outlet of Shoepack Lake, which would restore 
surface area and carrying capacity to levels seen at the beginning of our study. 
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The population has survived under the current regulations, but several factors may 
warrant adjusting the current management. First, the current regulations have been in effect 
since there was a beaver dam located on the lake. The loss of this beaver dam and the 
consequence of losing half the surface area of the lake indicate the population is going to 
decline due to a decreased carrying capacity. Combined with the increasing number of 
visitors to National Parks, including the Shoepack watershed, a change in the current angling 
regulations will help maintain the SLMP. As shown in the simulations, a decline in 
population size, increase in fishing pressure, or a combination will put this population under 
genetic pressures. 
A second management recommendation is to prevent significant increases in angler 
related mortality. Any additional mortality to populations already at or below an effective 
population size of 500 is detrimental to the genetic health of the population. Even slight 
increases in angler mortality at the initial population size were enough to push effective 
population sizes low enough to warrant concern. To reduce angler mortality, Voyageurs 
National Park has several options. One option is to remove the length limit and allow no 
harvest. A second option is to reduce fishing pressure on the population. 
The current length limit protects females for most of their spawning time and all but 
reduces harvest to zero. Making it a catch-and-release lake would reduce mortality, 
potentially reducing angler mortality by half. With surveys already showing that this is 
primarily a catch-and-release lake already, with most legal sized fish released, anglers are 
likely to accept this change. An extra benefit is it would be protecting large females that are 
close to maximum egg production. 
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A final option is to reduce the angling pressure on Shoepack Lake. Limiting the use 
to walk in visitors would reduce pressure significantly. Angler surveys showed that the 
majority of anglers fly into Shoepack Lake and spend more time fishing than those who walk 
in. Eliminating their impact would have a positive effect on the muskellunge population. 
Eliminating aircraft from the lake also coincides more closely with the spirit and mission of 
Voyageurs National Park, providing pristine areas that can only be reached by the ways of 
the original voyageurs, on foot. While angling may still have negative impacts on small 
population sizes, it seems a reasonable compromise between providing a unique angling 
experience and protecting a biologically unique population. 
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Figure 2. Simulations under an equilibrium population size of 1007 for the Shoepack Lake, 
Minnesota, muskellunge population (see text for parameter values). 
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Figure 3. Simulations under an equilibrium population size of 1120 for the Shoepack Lake, 
Minnesota, muskellunge population (see text for parameter values). 
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Figure 4. Simulations under an equilibrium population size of 600 for the Shoepack Lake, 
Minnesota, muskellunge population (see text for parameter values). 
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CHAPTER 4: GENERAL CONCLUSIONS 
Conclusion 
Recreational fishing pressure and harvest on the Shoepack Lake muskellunge 
population was poorly understood. Minnesota is moving toward more waterbody specific 
management based on the rationale that all waterbodies and fish populations contained within 
them are unique. This warrants distinctive regulations for individual lakes to optimize the 
goals for the fisheries population (Radomski et al 2001 ). The current Shoepack Lake 
regulations is an open season from June 1 to February 16 of which one muskellunge over 30 
inches (762 mm) can be kept per day (MN DNR 2002). The effectiveness of the current 762-
mm minimum size limit and one fish possession limit has never been determined due to the 
lake's remoteness and lack of enforcement monitoring. 
The purpose of this project was to conduct population and angler exploitation 
assessment of the Shoepack Lake muskellunge population and subsequently evaluate 
potential threats to the long-term viability of the population that may warrant management 
action. We used mark-recapture methods with angler surveys to 1) quantify population 
parameters: abundance, survival rates, growth, condition, age at maturity and fecundity 2) 
quantify angler use: pressure, catch rates and exploitation, 3) estimate Ne from field and 
literature data, 4) Evaluate potential threats to long-term population viability through 
simulations of effects of natural population fluctuations and exploitation on Ne, and 4) make 
recommendations for management. 
Effective population size simulations using population characteristics and established 
fisheries principles showed that the Shoepack Lake muskellunge population is in need of 
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monitoring. This unique population, both biologically and genetically, is contained within a 
small watershed that limits its population size. Additional angling pressure could potentially 
lead to the demise of this population if not watched carefully. Voyageurs National Park now 
knows the options it faces. Its decision making can be enhanced with additional information. 
First, as more knowledge of muskellunge recruitment is added to the literature, simulations 
can be modified to these known values. Ultimately, the best situation would be to know 
Shoepack Lake specific recruitment variability. Secondly, the full impact of the dam loss is 
not felt yet and may not be for years to come. Additional population size monitoring is 
needed. A large number of fish are marked in the lake and could provide the basis for future 
population calculations. Armed with this new information, Voyageurs National Park and 
visitors should be able to enjoy this unique population for years to come. 
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APPENDIX A: RAW CAPTURE DATA FROM SHOEPACK LAKE, 
MN, FROM MAY 2001 TO MAY 2003 
Tag # Sex Fin Clips Date L W 
1 M 1,10 5/1/01 655 1.65 
516103 666 1.4 
2 M 1,6 5/1/01 590 1.1 
517102 596 1.45 
3 
4 
M 1 5/1/01 632 1.1 
M 1,6,10 5/1/01 529 0.9 
5/11/02 551 1 
516103 587 1.2 
5 M 1,10 5/1/01 545 1 

















511101 603 1.4 
5/1/01 564 1.05 
5/1/01 654 1.6 
5/1/01 660 1.85 
5/1/01 704 2.05 
1,6 5/1/01 618 1.3 
517 /02 626 1.5 
1 5/1/01 682 1.9 
13 M 1 5/1/01 663 1.6 
14 F 1 5/1/01 670 1.75 
15 M 1,6 5/1/01 605 1.1 
5/3/02 618 1.4 







5/2/03 678 1. 7 
1 5/1/01 695 2 
1 5/1/01 680 1.6 
1,6,10 5/1/01 630 1.4 
5/10/02 634 1.65 
513103 647 1.6 
20 F 1,7,10 5/1/01 664 1.7 
21 F 
22 M 
616102 673 1.8 
513103 654 1.65 
1,10 5/1/01 670 1.65 
512103 692 1.8 
1,3 5/1/01 684 1.8 
Tag # Sex Fin Clips Date L W 
316 F 1,8 5/11/01 659 1.45 






5/12/01 679 1.7 
5/12/01 626 1.45 
1,6 5/12/01 570 1 
515102 605 1.4 
320 F 1,2,6 5/12/01 730 2.05 
321 M 1 
6/5/01 728 2 
5/8/02 732 2.5 
5/12/01 670 1.9 
322 M 1,6,10 5/12/01 647 1.5 
5/4/02 657 1.65 
5/2/03 649 1.6 
323 M 1,6 5/12/01 644 1.4 
513102 659 1.6 
324 M 1,6 5/12/01 602 1.2 
5/8/02 630 1.35 














517 /02 577 1.2 
5/2/03 590 1.45 
1 5/12/01 696 1.75 
1 5112/01 680 1.6 




516102 659 1.85 
5/12/01 558 0.85 
5/12/01 606 1.05 
5/12/01 647 1.4 
1,6 5/12/01 640 1.45 
5/3/02 649 1.9 
2 6/5/01 781 2.3 
10 5/1/03 580 1.15 
9 8/5/02 598 1.35 
338 F 2 6/2/01 723 1.9 
339 M 2,10 6/2/01 579 1.15 
514103 609 1.2 
Tag # Sex Fin Clips Date L W 
7/12/01 675 1.85 
23 M 1,6 5/1/01 690 1.85 
514102 694 2.15 
24 M 1 5/1/01 629 1.4 
25 M 1,6,10 5/1101 665 1.7 
517102 678 1.95 
5/1/03 684 1.9 
26 M 1,10 5/1/01 642 1.7 
515103 667 1.8 
27 F 1 5/1/01 670 1.65 
28 F 1 5/1/01 679 1.85 
29 M 1,6,10 5/1/01 560 1 
30 M 
31 M 
5/11/02 572 0.95 
513103 573 0.95 
1,10 5/1/01 510 0.7 
514103 567 1 
1 5/1/01 639 1.45 
32 M 1,6,10 5/1/01 550 0.8 
5/8/02 564 1.05 
515103 581 1 
33 F 1,6 5/1/01 659 1.65 
517102 654 1.8 
34 M 1 5/2/01 480 0.65 
35 F 1 5/2/01 680 1.8 
36 M 1,10 5/2/01 562 0.95 
514103 640 1.4 
37 M 1 5/2/01 660 1.55 
38 M 1,6,10 5/2/01 581 1.15 
5/11/02 610 1.25 





1 5/2/01 575 1.15 
1 5/2/01 525 0.9 
1 5/2/01 505 0.7 
1,10 5/2/01 645 1.5 
514103 655 1.4 
43 M 1,6,10 5/2/01 642 1.5 
5/11/02 632 1.6 
5/1/03 640 1.55 
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Tag# Sex Fin Clips Date L W 








2 6/3/01 652 1.4 
6 514102 673 1.85 
6 517102 680 2 
7,9 6/5/02 577 1.2 
8/9/02 575 1.25 
2 6/3/01 638 1.35 
2,3 6/3/01 730 1.95 
7/11/01 705 1.7 
10 5/1/03 698 2.35 
353 M 6,8 5/7 /02 656 1.6 
8/6/02 651 1.6 
354 F 2,10 6/4/01 619 1.25 
515103 651 1.6 
355 F 
356 M 
2,7 6/4/01 713 1.95 
614102 713 2.1 
2 6/4/01 696 1.75 
357 M 2,10 6/4/01 661 1.4 





2,6 614101 590 1.1 
515102 591 1.3 
2 6/5/01 528 0.9 
2,6 6/5/01 688 1.75 
517102 694 2.3 
2,6 6/5/01 663 1.45 
516102 672 1.75 
363 M 2,6,10 6/5/01 689 1.9 
5/10/02 692 2.2 








F 6 517102 680 1.95 
F 2,6,10 6/5/01 585 1.3 
5/10/02 604 1.55 
5/1/03 626 1.6 









6/5/01 652 1.65 
6/6/01 624 1.3 
6/6/01 653 1.5 
6/6/01 485 0.7 
Tag # Sex Fin Clips Date L W 
44 M 1 5/2/01 600 1.1 
45 M 1 5/2/01 649 1.45 
46 M 1,6,10 5/2/01 640 1.4 
5/10/02 654 1.6 
5/1/03 661 1.65 
47 M 1 5/2/01 580 1.05 
48 M 1,10 5/2/01 507 0.7 
5/1/03 575 1.15 
49 M 1 5/2/01 669 1.6 
50 M 1,6 5/2/01 633 1.35 
513102 630 1.4 
51 M 1 5/2/01 582 1.1 
52 M 1,10 5/2/01 559 1 






1,6 5/2/01 660 1.75 
5/10/02 661 1.7 
1 5/2/01 605 1.2 
1,10 5/2/01 660 1.75 
515103 679 1.75 
1 5/2/01 631 1.5 
1,6 5/2/01 654 1.7 
5/12/02 660 1.8 
58 F 1,10 5/2/01 707 1.9 
516103 715 2 
59 M 1 5/2/01 618 1.4 
60 F 1 5/2/01 684 1.6 
61 M 1,10 5/2/01 544 0.75 
5/1/03 593 1.3 
62 M 1,10 5/2/01 545 0.9 
512103 598 1.25 
63 M 1,4 5/2/01 685 1.9 
8/8/01 672 2 
64 M 1,6,8 5/2/01 538 0.85 
519102 561 1.05 
not available 
65 M 1,6,9 5/2/01 627 1.35 
5/12/02 628 1.4 
8/5/02 626 1.3 
77 
Tag # Sex Fin Clips Date L W 
373 F 2,6 6/6/01 715 1.95 
516102 726 2.3 
374 F 2 6/6/01 684 1.75 
375 M 2,6,7 6/6/01 670 1.7 
519102 673 1.6 
616102 670 1.55 
376 M 2 6/6/01 650 1.7 
377 M 2,10 6/6/01 689 1.85 
5/1/03 696 2.25 
378 F 2 6/6/01 677 1.65 
379 u 2 6/6/01 693 1.75 
380 u 2 6/6/01 412 0.4 
381 u 2 6/6/01 484 0.6 
382 F 2 6/6/01 659 1.75 
383 F 2,3,10 6/7/01 723 2 
7/12/01 714 1.9 
5/1/03 691 2.25 
384 u 2 6/7/01 676 1.45 
385 M 3 7/10/01 598 1.1 
386 F 3 7/10/01 555 0.9 
387 F 3 7/10/01 750 2.05 
388 F 3 7/11/01 684 1.9 
389 F 3 7/11/01 683 1.5 
393 u 3 7/12/01 683 
395 M 3 7/12/01 491 0.6 
396 M 3 7/12/01 498 0.65 
397 u 3 7/12/01 554 0.95 
398 F 3 7/12/01 694 1.85 
399 M 3 7/12/01 675 1.8 
400 u 3 7/12/01 496 0.65 
401 u 3 7/12/01 656 1.5 
402 F 3 7/12/01 662 1.55 
403 M 3 7/12/01 560 0.6 
404 u 3 7/13/01 556 1 
405 M 3,6,10 7/13/01 549 0.95 
406 M 
517102 575 1.05 
516103 623 1.35 
3 7/13/01 612 1.3 
78 
Tag # Sex Fin Clips Date L W Tag # Sex Fin Clips Date L W 
66 F 1 5/2/01 674 1.8 407 M 3 7/13/01 472 0.6 
67 F 408 M 3 7/14/01 707 1.7 1,10 5/3/01 682 1.75 
514103 668 1.7 411 F 3,6,10 7/14/01 700 2 
68 M 1,10 5/3/01 642 1.45 
512103 650 1.75 
69 M 1,7,9,10 5/3/01 630 1.4 
615102 631 1.35 
8/11/02 627 1.55 
5/1/03 625 1.45 
70 M 1 5/3/01 650 1.35 
71 M 1,2,7 5/3/01 610 1.15 
6/6/01 604 1.15 





5/3/01 661 1.6 
514103 676 1.5 
5/3/01 613 1.1 
5/1/03 634 1.45 
74 M 1,2,10 5/3/01 596 1.2 
6/6/01 585 1 
5/1/03 592 1.15 
75 F 1,2 5/3/01 737 2.55 
6/1/01 725 2.05 
76 M 1,3 5/3/01 699 1.85 
7/15/01 680 1.95 
77 M 1 5/3/01 665 1.65 
78 M 1,10 5/3/01 655 1.55 
512103 672 1.65 
79 M 1,6,10 5/3/01 655 1.5 
517102 646 1.65 
5/1/03 664 1.7 
80 M 1,6 5/3/01 649 1.55 
517102 654 1.65 
81 M 1,10 5/3/01 628 1.35 
































82 M 1,6 5/3/01 642 1.5 446 U 
517102 635 1.35 448 M 
83 M 1,6, 10 513101 528 1.05 449+450 U 
5/12/02 584 1.2 452 u 
3 
5/8/02 700 2.25 
516103 703 1.85 
7/14/01 475 0.7 
3 7/14/01 527 0.8 
3 7/14/01 636 1.55 
3 7/14/01 543 0.95 
3 7/14/01 737 1.75 
10 5/2/03 699 2.2 
4 8/7/01 724 2.35 
4 8/7/01 634 1.6 
4 8/7/01 674 1.7 
4 8/7/01 607 1.3 
4,9,10 8/7/01 682 1.8 
8/6/02 682 1.8 

















8/8/01 530 1 
8/7/01 537 0.9 
8/7/01 724 2.35 
8/7/01 645 1.7 
8/7/01 648 1.6 
8/7/01 586 1.15 
8/7/01 650 1.65 
8/7/01 705 1.95 
8/7/01 640 1.55 
8/7/01 660 1.7 
8/7/01 665 1.75 
8/7/01 680 1.85 
8/7/01 585 1.25 
8/7/01 660 1.7 
8/7/01 608 1.35 
8/7/01 678 1.85 
4 8/7/01 525 0.85 
4 8/7/01 681 1.8 
4 8/7/01 660 1.5 
4,9 8/8/01 643 1.7 
Tag # Sex Fin Clips Date L W 
5/4/03 614 1.25 
84 M 1,3 5/3/01 660 1.7 
7/13/01 654 1.65 
85 F 1 5/3/01 714 2 
86 M 1 5/3/01 514 0.85 
87 M 1,2 5/3/01 661 1.75 
6/3/01 655 1.7 
88 F 1,6 5/3/01 684 1.9 
5/8/02 687 2.15 
89 M 1,10 5/3/01 590 1.05 
514103 625 1.4 
90 M 1,6 5/3/01 585 1 
514102 680 1.9 
91 M 1 5/3/01 600 1.2 
92 F 1,10 5/3/01 599 1.4 
516103 635 1.4 
93 M 1,6 5/3/01 688 1.75 
513102 686 2 
94 M 1,3 5/3/01 605 1.05 
7/11/01 591 1 
95 M 1,10 5/3/01 514 0.8 
5/4/03 610 1.15 
96 F 1 5/3/01 654 1.65 
97 M 1,6 5/3/01 647 1.55 
5/10/02 646 1.6 
98 M 1,10 5/3/01 666 1.55 
513103 672 1.95 







5/8/02 614 1.35 
5/1/03 626 1.5 
1 5/3/01 676 1.7 
1 5/3/01 695 2 
1 5/3/01 640 1.45 
1,6 5/3/01 608 1.3 
519102 629 1.55 
1 5/3/01 639 1.35 
1,6 5/3/01 588 1 
513102 597 1.35 
79 
Tag # Sex Fin Clips Date L W 
8/5/02 651 1. 7 
453 M 4,6 8/8/01 535 0.9 
5/8/02 551 1.1 
454 M 4,6 8/8/01 559 1.05 
515102 579 1 
456 M 4 8/9/01 650 1.8 
457 M 4 8/9/01 635 1.05 
458 F 4 8/9/01 495 0.85 
459 u 4 8/9/01 657 1.65 
463 u 5 9/11/01 683 1.8 
464 M 4 8/10/01 577 1.25 
466 M 6 519102 680 1.9 
468 M 4,10 8/12/01 546 1.05 
5/1/03 605 1.35 
469 u 4 8/12/01 381 0.3 
470 F 5,9 9/8/01 675 1.95 
8/6/02 664 1.6 
472 F 5,6 9/8/01 696 1.9 
514102 690 1.95 
473 F 5 9/8/01 710 2.3 
474 u 5 9/9/01 584 1.3 
476 M 5,6 9/10/01 683 2 
5/4/02 673 1.9 
477 u 7 6/7/02 491 0.6 
478 u 6 515102 638 1.75 
480 M 6 515102 635 1.6 
481 M 6,9 515102 591 1.3 
8/5/02 594 1.3 
482 M 6 515102 668 1.75 
483 M 6,10 5/4/02 621 1.6 
513103 627 1.4 
484 M 6 514102 520 0.8 
485 M 6,10 5/4/02 653 1.75 
5/1/03 664 1.8 
486 F 6 5/4/02 654 1.4 
487 M 6 5/4/02 609 1.3 
488 M 6,10 5/4/02 681 1.8 
5/1/03 674 1.9 
Tag# Sex Fin Clips Date L W 
106 M 1 5/3/01 695 2 
107 F 1,10 5/3/01 641 1.65 
512103 658 1.9 
108 F 1,6 5/3/01 666 1.75 
5/8/02 670 1.85 
109 M 1,10 5/3/01 503 0.75 
513103 591 1.15 





5/10/02 662 1. 7 
5/1/03 683 2 
5/3/01 599 1.2 
513101 601 1.25 
113 M 1,6,10 5/3/01 529 0.75 
5/8/02 559 0.95 
515103 579 1 
114 F 1,10 5/3/01 600 1.35 
512103 627 1. 7 
115 M 1 5/3/01 529 0.9 
116 M 1,2,10 5/3/01 533 0.85 
6/7/01 528 0.85 
511103 586 1.25 
117 M 1,6,8, 10 5/3/01 530 0.85 
513102 578 1.35 
719102 580 1.15 
514103 565 1.1 
118 M 1 5/3/01 574 1.1 
119 M 1,10 5/3/01 501 0.7 
512103 575 1.1 
120 M 1,4 5/3/01 570 1 
8/7/01 585 1.25 
121 M 1,6 5/3/01 584 1.15 
514102 595 1.25 
122 M 1,10 5/3/01 644 1.5 
5/1/03 642 1.6 
123 M 1 5/3/01 650 1.55 
124 M 1 5/3/01 662 1.7 
125 M 1 5/3/01 685 1.85 
126 M 1 5/3/01 707 1.9 
80 
Tag# Sex Fin Clips Date L W 
489 M 6 514102 664 1.8 
490 F 6 514102 701 2.3 
491 M 6 513102 592 1.35 
492 M 6 513102 652 1.9 
493 M 6,10 513102 598 1.3 
5/1/03 586 1.25 


















7/12/02 620 1.55 
511103 640 1.6 
513102 691 1.7 
513102 610 1.35 
515102 655 1.55 
6,7 515102 639 1.45 
613102 640 1.3 
6 515102 661 1.65 
6 515102 578 1.1 
6 515102 675 1.75 
6,8 515102 676 1.75 







515102 617 1.4 
515102 571 1.2 
515102 670 1.8 
516102 671 1.75 
516102 734 2.4 
516102 630 1. 7 
515 F 6 516102 689 2 
518 F 6 516102 675 1.9 
519 M 6 516102 610 1.35 
522 M 6 516102 590 1.3 
524 M 6 516102 677 1.9 
525 M 6 516102 665 1.8 
526 M 6 516102 676 2.05 
527 F 6 516102 637 1.95 
529 M 6,10 516102 658 2 
511103 666 1.95 
530 F 6 517102 684 2 
531 M 6 517102 629 1.45 
532 F 6 517102 724 2.55 
Tag # Sex Fin Clips Date L W 
127 M 1,10 5/4/01 505 0.7 













1,10 5/4/01 519 0.8 
512103 594 1.25 
1,10 5/4/01 681 1.95 
511103 719 2.3 
1 5/4/01 580 1.1 
1 5/4/01 670 1.8 
1 5/4/01 642 1.55 
1,6 5/4/01 670 1.6 
5/11/02 671 1.95 
1,2 5/4/01 631 1.45 
6/6/01 622 1.2 
1 5/4/01 660 2 
1,10 5/4/01 639 1.6 
515103 679 1.9 
1,10 5/4/01 641 1.7 
514103 642 1.5 
1,10 5/4/01 594 1.1 
513103 626 1.4 
1 5/4/01 550 0.95 
140 M 1,2 5/4/01 637 1.4 
6/6/01 626 1.3 
142 M 1 5/4/01 701 1.85 
143 M 1,6,7 5/4/01 650 1.5 
5/10/02 653 1.6 
617102 650 1.5 
144 M 1,6,10 5/4/01 552 0.95 
514102 589 1.25 
514103 614 1.2 






1 5/4/01 565 1.05 
1,6 5/4/01 705 1.9 
5/10/02 700 1.9 
1,7 5/4/01 659 1.6 
614102 660 1.65 
1 5/4/01 674 1.85 
1,10 5/4/01 625 1.4 
81 
Tag # Sex Fin Clips Date L W 
533 M 6 517102 671 1.65 
536 M 
540 M 
6 517102 625 1.3 
6,8 517102 663 1.5 
719102 661 1.8 
541 F 6,8,9 517102 656 1.65 
7 /10/02 649 2 
8/6/02 643 1.5 
544 F 6,8 517102 710 2.15 
719102 693 1.95 
545 M 6 517102 621 1.45 
548 M 6 517102 654 1.75 
551 M 6 517102 653 1.65 
552 M 6,10 517102 596 1.2 
512103 611 1.25 
554 M 6,10 517102 571 1.15 
512103 601 1.25 
557 F 6 517102 631 1.65 
558 F 6 517102 622 1.45 
559 M 6,9,10 517102 660 1.75 
8/10/02 657 1.8 
511103 662 1.65 
561 M 6 517102 579 1.15 
562 F 6,8 517102 704 2.45 
7 /13/02 706 2.25 
564 M 6,10 517102 567 0.95 
5/1/03 589 1.2 
565 F 6 517102 668 1.75 
566 F 6,10 517102 674 2.2 
514103 685 1.8 
567 M 6 517102 631 1.45 
568 u 6 517102 469 0.45 
569 F 6 517102 680 1.75 
570 F 6 517102 706 1.95 
571 F 6 517102 694 2.15 
572 M 6,10 517102 643 1.6 
5/1/03 647 1.75 
573 M 6,10 517102 610 1.35 
5/1/03 636 1.6 

















5/4/03 635 1.45 
1 5/4/01 600 1.1 
1, 10 5/4/01 642 1.55 
516103 642 1.3 
1 5/4/01 611 1.3 
1,6 5/4/01 654 1.4 
517102 661 1.75 
1 5/4/01 570 1 
1,3 5/4/01 648 1.45 
7/13/01 645 1.45 
1,2 5/4/01 595 1.05 
6/4/01 585 1 
1 5/4/01 629 1.3 
1 5/4/01 634 1.4 
1,6,10 5/4/01 523 0.8 
5/8/02 584 1.25 




5/4/01 576 0.95 
5/4/01 631 1.6 
5/4/01 509 0.75 
164 M 1,6 5/4/01 596 1.2 
5/10/02 618 1.3 
165 M 1 5/4/01 639 1.55 
166 M 1 5/4/01 625 1.5 
167 M 1 5/4/01 650 1.5 
168 M 1 5/4/01 705 1.85 
169 F 1 5/4/01 765 2.55 
170 M 1 5/4/01 623 1.55 
171 M 1 5/4/01 662 1.7 
172 F 1,6,8,9 5/4/01 623 1.65 
5/10/02 628 1.65 
7/10/02 632 1.7 
8/5/02 610 1.55 
173 M 1,3 5/4/01 621 1.35 
7/10/01 619 1.25 
174 M 1,4,8 5/4/01 640 1.55 
8/7/01 641 1.7 
7/10/02 650 1.7 
82 
Tag# Sex Fin Clips Date L w 




















6 517102 652 1.6 
6 5/8/02 686 1.95 
6 5/8/02 687 2.2 
6 5/8/02 681 1.95 
6, 10 5/8/02 596 1.4 
5/1/03 606 1.4 
6 5/8/02 564 1.05 
6 5/8/02 647 1.8 






7/12/02 679 1.85 
5/8/02 691 2.15 
5/8/02 659 1.65 
5/8/02 577 1.1 
5/8/02 549 1.05 
5/8/02 572 1.15 
6,7 519102 715 2.25 
613102 704 2.1 
601 M 6,10 519102 674 2 
512103 677 2 
604 M 6, 10 519102 618 1.3 
5/1/03 621 1.3 
607 F 6 519102 716 2.5 
608 M 6 519102 608 1.4 
610 F 6 519102 709 2.3 
612 F 6,10 5/9/02 635 1.7 
5/1/03 650 1.8 
614 F 6 519102 675 1.75 
615 F 6 519102 680 2.15 
618 M 6 519102 608 1.35 
619 F 6 519102 738 2.7 
621 M 6, 10 519102 610 1.3 
5/5/03 620 1.2 
623 M 6 5/10/02 604 1.2 
627 F 6 5/10/02 696 2.2 
629 M 6 5/10/02 576 1.05 
633 M 6 5/10/02 653 1.7 
635 F 6 5/10/02 681 1.65 
Tag # Sex Fin Clips Date L W 
175 M 1,6,8 5/4/01 696 1.95 









7/13/02 692 1.75 
5/4/01 499 0.8 
5/4/01 675 1.85 
5/4/01 620 1.45 
5/4/01 695 1.9 
180 M 1,6,10 5/4/01 583 1.35 
515102 615 1.5 
511103 639 1.6 
181 M 1,2 5/4/01 665 1.65 






1 5/4/01 730 2.3 
1,6 5/4/01 591 1.2 
5/12/02 613 1.3 
1,10 5/4/01 650 1.6 
5/1/03 665 1.6 
1 5/4/01 640 1.45 
1,10 5/5/01 519 0.8 
513103 605 1.2 
187 F 1 5/5/01 626 1.6 









9/8/01 562 1.05 
5/1/03 584 1.3 
1,9 515101 655 1.55 
8/10/02 647 1.2 
1,2 5/5/01 640 1.55 
6/2/01 641 1.5 
1,10 5/5/01 621 1.4 
512103 627 1. 7 
1,4 5/5/01 579 1.15 
8/12/01 589 1.25 
1 5/5/01 492 0.65 
1 5/5/01 590 1.2 
1,3 5/5/01 661 1.8 
7/11/01 656 1.75 
1, 10 5/5/01 629 1.3 
515103 641 1.3 
83 
Tag# Sex Fin Clips Date L W 
636 F 6 5/10/02 631 1.15 
637 F 6 5110102 676 1.7 















614102 653 1. 7 
5/10/02 584 1.05 
5/10/02 675 1.8 
5/10/02 684 2.15 
5/10/02 674 1.75 
5110102 657 1.45 
5/10/02 630 1.35 
5/10/02 671 1.5 
651 M 6 5/10/02 563 0.9 
652 M 6,10 5/10/02 581 0.95 
5/1/03 600 1.15 
653 M 6 5/10/02 586 1.05 
654 M 6 5/10/02 526 0.5 
655 F 
656 F 
6,10 5/10/02 654 1.7 
512103 650 1.75 
6 5110102 674 1.9 
658 M 6,8,10 5/10/02 664 1.75 
659 M 
661 F 
7 /13/02 655 1.6 
516103 655 1.6 
6 5/10/02 630 1.4 
6 5/10/02 690 1.9 
662 F 6 5/10/02 623 1.6 
663 M 6 5/10/02 568 0.9 
665 F 6 5/11/02 613 1.5 
666 F 6 5/11/02 615 1.4 
667 M 6 5/11/02 590 1.3 
670 F 6 5/11/02 681 1.85 
671 M 6 5/11/02 556 1.05 
672 M 6, 10 5/11/02 569 1.1 
512103 600 1.25 
675 F 6,10 5111/02 715 2.15 
511103 728 2.4 
676 F 6 5/11/02 692 2.2 
678 F 6 5/11/02 698 2.15 
680 M 6 5/11/02 675 1.8 
Tag # Sex Fin Clips Date L W 
197 M 1 5/5/01 649 1.6 
198 M 1,10 5/5/01 542 1 
5/1/03 612 1.4 
199 M 1 5/5/01 661 1.4 
200 F 1 5/5/01 725 2.2 
201 M 1,2 5/5/01 660 1.75 
616106 686 1.95 
202 M 1,10 5/5/01 569 0.95 
5/1/03 603 1.25 
203 M 1,6 5/5/01 681 1.75 
5/11/02 691 1.85 
204 M 1 5/5/01 605 1.3 
205 F 1 5/5/01 699 2.1 
206 M 1,6 5/5/01 625 1.5 
515102 630 1.6 
207 F 1,10 5/5/01 599 1.15 
512103 625 1.55 
208 F 1,4,5 5/5/01 686 2.05 
8/7/01 681 1.85 
9/8/01 678 1.9 
209 M 1 5/5/01 619 1.25 
210 M 1,2 5/5/01 660 1.7 
6/5/01 647 1.5 
211 M 1,3 5/5/01 685 1.75 
7/11/01 665 1.65 
213 F 1 5/5/01 645 1.6 
214 M 1,6 5/6/01 569 1.1 
5/10/02 605 1.05 
216 F 1 5/6/01 586 1.2 
217 M 1 5/6/01 650 1.4 
218 M 1,10 5/6/01 479 0.7 
5/1/03 544 0.95 
219 M 1 5/6/01 517 0.8 
220 F 1 5/6/01 676 1.85 
221 M 1 5/6/01 604 1.2 
222 F 1 5/6/01 820 3.4 
223 F 1 5/6/01 628 1.3 
224 M 1 5/6/01 631 1.2 
84 
Tag# Sex Fin Clips Date L W 
681 F 6 5/11/02 656 1.75 




























514103 584 0.95 
6 5/11/02 608 1.35 
6 5/11/02 605 1.2 
6 5/11/02 552 1 
6 5/11/02 542 0.85 
6,8 5/11/02 710 2.3 
7/12/02 715 2.25 
6,10 5/11/02 625 1.5 
5/1/03 643 1.5 
6 5/11/02 809 2.85 
6,10 5/11/02 705 2.55 
514103 697 2.15 
6 5/12/02 619 1.4 
6,10 5/12/02 724 2.45 
515103 718 2 
6 5/12/02 621 1.4 
6 5/12/02 576 1.1 
6,8 5/12/02 571 1.15 
7/11/02 570 1.05 
6,10 5/12/02 573 1.05 
5/2/03 573 1.25 
6,10 5/12/02 688 2.05 
514103 680 1.95 
6,10 5/12/02 615 1.55 












613102 654 1.45 
613102 592 1.15 
613102 702 2 
613102 696 1.85 
614102 594 1.2 
614102 567 1.1 
615102 743 2.15 
614102 662 1.7 
616102 641 1.45 
614102 561 1 
614102 627 1.35 
Tag # Sex Fin Clips Date L W 
225 M 1,10 5/6/01 593 1.05 
5/1/03 638 1.6 
226 M 1,7 5/7/01 501 0.45 
615102 564 1.1 
227 F 1,2 5/7/01 651 1.5 
6/6/01 644 1.35 
228 M 1,10 5/7/01 569 1.05 
5/1/03 638 1.45 
229 F 1 5/7/01 611 1.25 
230 F 1,10 5/7/01 674 1.7 
514103 700 1.8 
231 M 1,10 5/7/01 601 1.2 
5/1/03 618 1.4 
232 M 1,10 5/7/01 500 0.7 




1 5/7/01 705 2.15 
1 5/7/01 640 1.6 
1,10 5/7/01 650 1.65 
512103 685 1.95 
236 F 1,10 5/7/01 699 2 
515103 718 2.2 
237 M 1 5/7/01 528 0.85 
238 F 1 5/7/01 658 1.8 
239 F 1,10 5/7/01 666 1.75 
514103 682 1.75 
240 M 1 5/7/01 550 1 
241 F 1 5/7/01 740 1.95 
242 M 1 5/7/01 512 0.75 
243 F 1 5/6/01 740 2.2 
244 F 1,6 5/6/01 630 1.5 
515102 645 1. 7 
245 M 1 5/6/01 568 1.1 
246 M 1 5/6/01 530 0.85 
247 F 1,6 5/6/01 681 1.85 
5/8/02 683 2.05 
248 M 1,10 5/6/01 469 0.55 
513103 559 1 
249 M 1,2,6,10 5/6/01 657 1.7 
85 
Tag # Sex Fin Clips Date L W 
719 M 7,10 6/6/02 644 1.45 

















616102 677 1.85 
614102 551 1.05 
614102 727 2.15 
614102 637 1.65 
615102 693 1.8 
6/8/02 540 0.85 
7 617102 672 1. 7 
7 616102 685 1.8 
8 7/9/02 618 1.6 
8 7/15/02 604 1.25 
733 u 8 7/14/02 536 0.85 





512103 575 1.05 
8 7/12/02 465 0.5 
8 7 /11/02 634 1.55 
8 7 /11/02 520 0.8 
8 7/11/02 681 1.75 
739 u 8 7 /10/02 576 1.35 
740 M 8 7/10/02 564 1.15 
741 M 8 7/10/02 600 1.25 
742 F 8 7/10/02 618 1.55 
743 u 8 7/10/02 681 1.65 
744 u 8 7/10/02 613 1.45 
745 F 8 7/10/02 616 1.4 
746 u 8 7/9/02 505 0.9 
747 u 8 7/9/02 561 1.25 
748 M 8,10 7/9/02 673 1.9 
513103 661 1.65 
749 M 8 719102 640 1.55 
750 u 8 719102 583 1.05 
751 F 10 5/1/03 720 2.55 
752 M 10 5/1/03 603 1.2 
753 M 10 511/03 637 1.5 
754 F 10 5/1/03 671 1.75 
755 M 10 5/1/03 541 0.9 
756 F 10 5/1/03 645 1.7 




6/5/01 660 1.75 
519102 662 1.95 
5/1/03 680 1.95 
1 5/6/01 625 1.2 
1 5/7/01 530 0.76 
1,10 5/7/01 582 1 
515103 635 1.55 
253 M 1,7,10 5/7/01 662 1.75 
614102 679 1.8 










1 5/8/01 642 1.5 
1,6 5/8/01 674 1.75 
5/11102 667 1.9 
1,2 5/8/01 581 1.1 
6/6/01 576 1.05 
1 5/8/01 692 1. 7 
1,3 5/8/01 666 1.5 
7/13/01 654 1.65 
1 5/8/01 674 1.7 
1 5/8/01 662 1.6 
1,10 5/8/01 642 1.4 
515103 674 2.05 
1,10 5/8/01 515 0.6 
514103 575 1.1 








8/12/01 541 1.05 
512103 607 1.4 
1,10 5/8/01 674 1.75 
516103 699 2.25 
1,4 5/8/01 710 2 
8/7/01 695 1.9 
1 5/8/01 666 1.6 
1 5/8/01 570 0.95 
1 5/8/01 602 0.9 
1,8 5/8/01 525 0.75 
7/10/02 600 1.35 
1,4 5/8/01 650 1 
8/7/01 634 1.5 
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M 10 5/1/03 582 1.2 
M 10 5/1/03 623 1.35 















5/1/03 611 1.3 
5/1/03 595 1.2 
511103 639 1.45 
5/1/03 706 2.3 
5/1/03 686 2.05 
511103 679 1.8 
5/1103 652 1.75 
767 M 10 5/1/03 625 1.4 
768 M 9,10 8/11/02 599 1.3 
514103 598 1.25 





















8/7/02 373 0.25 
8/6/02 621 1.4 
8/5/02 626 1.65 
8/5/02 721 1.9 
5/1/03 551 1.05 
5/1/03 699 2.25 
5/1/03 600 1.3 
5/1/03 665 1.95 
5/1/03 661 1.8 
511103 572 1.15 


























5/1/03 578 1.35 
5/1/03 602 1.35 
511103 674 1.95 
512103 619 1.55 
512103 690 1.95 
512103 643 1.7 
512103 608 1.5 
512103 682 2 
512103 589 1.35 
512103 704 2.55 
512103 573 1.05 
512103 665 1.75 
Tag # Sex Fin Clips Date L W 
272 F 1 5/9/01 739 2.15 
273 M 1,3,6,10 5/9/01 643 1.45 
7/12/01 645 1.6 
517102 636 1.75 





























1 5/9/01 523 0.75 
1 5/9/01 553 0.65 
1 5/9/01 614 1.15 
1 5/9/01 679 1.75 
1 5/9/01 664 1.6 
1 5/9/01 531 0.95 
1 5/9/01 615 1.35 
1 5/9/01 714 1.9 
1 5/9/01 665 1.6 
1,6 5/9/01 641 1.4 
516102 643 1.7 
1 5/10/01 690 1.8 
1 5/10/01 679 1.6 
1,6,10 5/10/01 520 0.7 
5/8/02 561 0.95 
513103 585 1.2 
1,10 5/10/01 654 1.65 
515103 678 1.75 
1,6 5/10/01 623 1.4 
515102 629 1.65 
1,3 5/10/01 674 1.6 
7/10/01 674 1.55 
1 5/10/01 646 1.45 
1 5/10/01 611 1.05 
1 5/10/01 591 1.05 
1 5/10/01 592 1.05 
1 5/10/01 706 1.9 
1,6 5/10/01 651 1.85 
515102 668 1.8 
1 5/10/01 582 1.2 
1 5/10/01 593 1.15 
1 5/10/01 519 0.75 
1,10 5/10/01 750 2.25 
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Tag # Sex Fin Clips Date L W 










































10 5/2/03 691 1.75 
10 5/2/03 551 1 
10 512103 704 1.8 
10 512103 655 1.85 
10 5/2/03 609 1.35 
10 5/2/03 629 1.35 
10 5/2/03 612 1.3 
10 5/2/03 681 2.15 
10 512103 679 1.8 
10 5/4/03 614 1.3 
10 513103 658 1.65 
10 513103 630 1.45 
10 513103 590 1.1 
10 5/3/03 746 2.4 
10 5/3/03 717 2.45 






















513103 550 0.95 
513103 623 1.35 
513103 588 1.25 
514103 695 1.95 
514103 636 1.7 
514103 596 1.2 
514103 669 1.7 
514103 650 1.5 
514103 562 1 
514103 659 1.65 
514103 648 1.65 
514103 645 1.45 
514103 666 1.55 
514103 581 1 
514103 704 1.8 
514103 651 1.7 
514103 731 2.2 
514103 650 1. 7 
514103 667 1.65 
514103 594 1.2 
514103 671 1.6 
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Tag# Sex Fin Cli~s Date L w Tag# Sex Fin Cli~s Date L w 
512103 750 2.3 835 M 10 515103 652 1.65 
301 F 1 5111/01 662 1.65 836 F 10 515103 635 1.55 
302 F 1,10 5/11/01 692 1.75 837 F 10 515103 634 1.55 
5/1/03 710 2.35 838 F 10 515103 611 1.25 
303 F 1,8 5/11/01 593 1.25 839 F 10 516103 638 1.6 
7/15/02 604 1.25 840 M 10 515103 593 1.15 
304 F 1 5/11/01 600 0.9 841 F 10 515103 702 1.9 
305 F 1,7 5/11/01 776 2.5 842 F 10 515103 701 2.15 
616102 772 2.8 843 F 10 515103 677 1.9 
306 M 1,6 5/11/01 663 1.45 844 F 10 515103 648 1.8 
5/10/02 665 1.75 845 F 10 516103 697 1.75 
307 M 1,6, 10 5/11/01 583 1.1 846 F 10 516103 620 1.5 
514102 605 1.4 847 M 10 516103 580 1.15 
516103 630 1.5 848 F 10 516103 710 2.05 
308 M 1 5111/01 598 1.2 849 F 10 516103 641 1.55 
309 M 1 5/11/01 660 1.4 850 M 10 516103 654 1.5 
310 M 1,6,10 5/11/01 651 1.55 851 F 10 516103 639 1.55 
5/8/02 645 1.6 852 F 10 516103 627 1.4 
5/1/03 647 1.6 853 F 10 516103 612 1.4 
311 M 1,2 5/11/01 616 1.25 854 F 10 516103 643 1.5 
6/4/01 620 1.1 855 M 10 516103 598 1.2 
312 M 1 5/11/01 650 1.45 857 F 10 516103 668 1.8 
313 M 1,3,6,8,10 5/11101 662 1.65 858 F 10 516103 665 1.6 
7110/01 660 1.55 859 F 10 516103 587 1.25 
513102 654 2 861 F 10 516103 606 1.45 
719102 650 1.55 862 F 10 516103 718 1.95 
512103 659 1.65 864 F 10 516103 647 1.5 
314 M 1 5/11/01 653 1.6 866 F 10 516103 694 1.6 
315 F 1 5/11/01 661 1.55 
Gender notation: 
M=Male, F=Female, U=Unknown 
Fin clip notation: 
!=May 2001, 2=June 2001, 3=July 2001, 4=August 2001, 5=September 2001, 6=May 2002, 7=June 2002, 
8=July 2002, 9=August 2002, and lO=May 2003 
Lengths (L) are in millimeters 
Weights (W) are in Kilograms 
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APPENDIX B: SACRIFICED/DEAD FISH DATA FROM SHOEPACK 
LAKE, MN, FROM MAY 2001 TO MAY 2003 
Gonad Parts 
ID# Date Sex L (mm) W (kg) Weight (g) Taken Comments 
1001 5/2/01 F 688 2.10 276.2 1,2,3,4 Gut- 1 unidentified fish 
1002 5/2/01 F 634 1.65 1,2,3,4 Gut- empty 
1003 5/2/01 F 631 1.45 41.7 1,2,3,4 Gut- 1 unidentified fish 
1004 5/3/01 F 571 1.10 12.4 1,2,3,4 Gut- empty 
1005 5/3/01 F 710 2.05 184.4 1,2,3,4 Gut- 2 perch 
1 otolith taken 
1006 5/3/01 F 675 1.65 61.2 1,2,3,4 Gut- empty 
1007 5/4/01 F 639 1.50 51.3 1,2,3,4 Gut- empty 
1008 5/5/01 F 614 1.35 97.6 1,2,3,4 Gut- 3 pearl dace, 
1 golden shiner, 
1 unidentified fish 
1009 5/5/01 F 694 1.70 46.9 1,2,3,4 Gut- 1 pearl dace 
1010 5/5/01 F 645 1.50 103.2 1,2,3,4 Gut- 4 perch 
1011 5/5/01 F 582 1.25 80.3 1,2,3,4 Gut- empty 
1012 5/6/01 F 681 1.90 241.9 1,2,3,4 Gut- empty 
1013 5/6/01 F 655 1.55 56.8 1,2,3,4 Gut- 2 perch, 
1 golden shiner, 
1 unidentified fish 
1014 5/6/01 M 540 0.95 1,2,3,4 Gut- 1 unidentified fish 
1014b 5/7/01 F 647 1.40 48.2 1,2,3,4 Gut- 1 perch, 
2 golden shiners 
1015 5/7/01 F 662 1.45 51.4 1,2,3,4 Gut- empty 
1 otolith taken 
1016 5/7/01 F 690 1.90 62.5 1,2,3,4 Gut- 1 perch 
1017 5/8/01 F 574 1.40 69.7 1,2,3,4 Gut- empty 
1018 5/9/01 F 732 2.50 81.2 1,2,3,4 Gut- 1 unidentified fish 
1 otolith taken 
1019 5/9/01 F 696 2.20 69.4 1,2,4 Gut- 1 perch 
1020 6/2/01 M 641 1.50 3,4 Gut- empty 
1021 6/2/01 F 560 1.20 1,2,3,4 Gut- 1 perch 
1022 6/2/01 F 471 0.65 1,2,3,4 Gut- 1 perch 
1023 6/2/01 M 538 0.95 1,2,3,4 Gut- empty 
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Gonad Parts 
ID# Date Sex L (mm) W (kg) Weight (g) Taken Comments 
157 6/4/01 M 585 1.00 3,4 Gut- empty 
311 6/4/01 M 620 1.10 3,4 Gut- empty 
1024 6/5/01 F 627 1.30 1,2,3,4 Gut- empty 
333 6/5/01 F 781 2.30 3,4 Gut- 1 perch 
1025 6/5/01 F 619 1.40 1,2,3,4 Gut- empty 
1026 6/5/01 F 706 1.85 1,2,3,4 Gut- empty 
210 6/5/01 M 647 1.50 3,4 Gut- empty 
1027 6/5/01 M 404 0.30 1,2,3,4 Gut- empty 
156 7/13/01 M 645 1.45 3,4 Gut- empty 
258 7/13/01 M 654 1.65 3,4 Gut- 1 golden shiner, 
1 crayfish 
385 7/15/01 M 598 1.10 3,4 Gut- 1 unidentified fish 
386 7/15/01 M 555 0.90 3,4 Gut- empty 
173 7/15/01 M 619 1.25 3,4 Gut- empty 
290 7/15/01 M 674 1.55 3,4 Gut- empty 
389 7/15/01 F 683 1.50 3,4 Gut- 4 perch, 
2 golden shiner, 
2 unidentified fish 
387 7/15/01 F 750 2.05 3,4 Gut- 1 perch, 
1 crayfish, 
1 golden shiner 
146 7/15/01 M 565 1.05 3,4 Gut- empty 
195 7/15/01 F 656 1.75 3,4 Gut- empty 
94 7/15/01 M 591 1.00 3,4 Gut- 1 golden shiner 
348 7/15/01 F 705 1.70 3,4 Gut- 1 crayfish 
388 7/15/01 F 684 1.90 3,4 Gut- 1 golden shiner 
390 7/15/01 F 3,4 Gut- empty 
2001 5/3/02 F 657 2.30 236.9 1,2,3,4 Gut- empty 
2002 514102 F 619 1.55 170.7 1,2,3,4 Gut- empty 
2003 517102 F 621 1.45 8.5 1,2,3,4 Gut- 1 perch 
1 otolith taken 
spawned out 
2004 517102 F 669 1.80 217.4 1,2,3,4 Gut- empty 
2005 517102 F 628 1.65 183.4 1,2,3,4 Gut- empty 
487 5/10/02 M 609 1.30 3,4 Gut- empty 
1 unidentified fish 
323 5/10/02 M 659 1.60 3,4 Gut-
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Gonad Parts 
ID# Date Sex L (mm) W (kg) Weight (g) Taken Comments 
484 5/10/02 M 520 0.80 3,4 Gut- 2 golden shiner, 
1 unidentified 
2050 615102 F 725 4.25 1,2,3,4 Gut- 2 perch, 
1 golden shiner, 
3 unidentified fish 
709 619102 F 594 1.20 3,4 Gut- empty 
718 619102 F 627 1.35 3,4 Gut- empty 
705 619102 F 592 1.15 3,4 Gut- empty 
722 619102 M 551 1.05 3,4 Gut- 2 perch, 
4 unidentified fish 
704 619102 F 654 1.45 3,4 Gut- empty 
717 619102 F 561 1.00 3,4 Gut- empty 
724 619102 F 637 1.65 3,4 Gut- empty 
723 619102 F 727 2.15 3,4 Gut- 7 perch, 
1 unidentified 
707 619102 F 696 1.85 3,4 Gut- 1 perch, 
1 unidentified 
640 619102 M 653 1.70 3,4 Gut- 4 perch 
706 619/02 F 702 2.00 3,4 Gut- 1 perch 
710 619102 M 567 1.10 3,4 Gut- empty 
2051 619102 F 1,2,3,4 Gut- 1 perch 
M=Male, F=Female, U=Unknown 
Lengths (L) are in millimeters 
Weights (W) are in Kilograms 
Gonad weights are in grams 
Parts taken notation: 
l =scales, 2=fin rays, 3=otoliths, and 4=cleithrum 
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APPENDIX C: OBSERVATION PEN DATA FROM SHOEPACK 
LAKE, MN, FROM MAY 2001 TO MAY 2003 
Condition Condition 
Tag# Date In Date Out In Out Comments 
1 5/2/01 5/9/01 3 3 
2 5/2/01 5/9/01 3 3 
3 5/2/01 5/9/01 3 3 
4 5/2/01 5/9/01 3 3 
5 5/2/01 5/9/01 3 3 
6 5/2/01 5/9/01 2 3 Tag bled, stopped in pen 
7 5/2/01 5/9/01 3 3 
8 5/2/01 5/9/01 3 3 
9 5/2/01 5/9/01 3 3 
10 5/2/01 5/9/01 3 0 
11 5/2/01 5/9/01 3 3 
12 5/2/01 5/9/01 3 3 
13 5/2/01 5/9/01 3 3 
14 5/2/01 5/9/01 3 3 
33 5/2/01 5/9/01 3 4 
34 5/3/01 5/9/01 3 3 
35 5/3/01 5/9/01 3 3 
36 5/3/01 5/9/01 3 3 
37 5/3/01 5/9/01 3 3 
38 5/3/01 5/9/01 3 3 
39 5/3/01 5/9/01 3 3 
40 5/3/01 5/9/01 3 3 
41 5/3/01 5/9/01 3 3 
42 5/3/01 5/9/01 3 3 
43 5/3/01 5/9/01 3 3 
44 5/3/01 5/9/01 3 0 Tangled in bottom of net 
45 5/3/01 5/9/01 3 3 
62 5/3/01 5/9/01 3 3 
63 5/3/01 5/9/01 3 3 
64 5/3/01 5/9/01 3 3 
75 6/2/01 6/8/01 3 3 
181 6/2/01 6/8/01 2 3 
338 6/2/01 6/8/01 2 3 
182 6/2/01 6/8/01 3 3 
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Condition Condition 
Tag# Date In Date Out In Out Comments 
169 6/3/01 6/8/01 3 3 
339 6/3/01 6/8/01 3 3 
340 6/3/01 6/8/01 3 0 
341 6/3/01 6/8/01 2 3 
87 6/3/01 6/8/01 2 3 
342 613101 6/8/01 3 3 
343 613101 6/8/01 3 3 
344 613101 6/8/01 3 3 
385* 7/11/01 7/15/01 3 0 
386* 7/11/01 7/15/01 3 0 
173* 7/11/01 7115101 3 0 
290* 7/11/01 7/15/01 3 0 
313* 7/11/01 7115101 3 3 
387* 7/11/01 7/15/01 3 0 
146* 7/11/01 7115101 3 0 
195* 7/11/01 7/15/01 1 0 
094* 7/11/01 7/15/01 3 0 
211 * 7/11/01 7/15/01 3 2 
389* 7/11/01 7115101 3 0 
348* 7111101 7/15/01 3 0 
388* 7/11/01 7115101 1 0 Fish diseased and sickly looking 
390* 7/11/01 7/15/01 3 0 
117 513102 5110102 3 3 
500 513102 5110102 3 3 
332 513102 5110102 3 3 
497 513102 5/10/02 3 3 
323 513102 5110102 3 0 stuck in hole in net 
313 513102 5110102 3 3 
493 513102 5110102 3 3 
496 513102 5110102 3 3 
105 513102 5110102 3 3 
93 513102 5/10/02 3 3 
491 513102 5110102 3 3 
492 513102 5110102 3 3 
15 513102 5110102 3 3 
50 513102 5110102 3 3 
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Condition Condition 
Tag# Date In Date Out In Out Comments 
476 5/4/02 5110102 3 3 
144 5/4/02 5/10/02 3 3 
322 514102 5/10/02 3 3 
488 5/4/02 5110102 3 3 
487 5/4/02 5/10/02 3 0 tangled in bottom corner of net 
486 5/4/02 5110102 3 3 
485 514102 5110102 3 3 
472 5/4/02 5/10/02 3 3 
343 5/4/02 5/10/02 3 3 
121 514102 5110102 3 3 
490 5/4/02 5/10/02 3 3 
489 514102 5/10/02 3 3 
483 5/4/02 5/10/02 3 3 
23 5/4/02 5110102 3 3 
484 5/4/02 5/10/02 3 0 
60 5/4/02 5/10/02 3 3 
307 5/4/02 5/10/02 3 3 
707** 614102 619102 3 0 
706** 614102 619102 3 0 
705** 614102 619102 3 0 
502** 614102 619102 3 2 
600** 6/4/02 619102 3 0 
704** 614102 619102 3 0 
355** 615102 619102 3 2 
723** 615102 619102 3 0 
722** 6/5/02 619102 3 0 
640** 615102 619102 3 0 
253** 615102 619102 3 2 
710** 615102 619102 3 0 
714** 615102 619102 3 2 
717** 615102 619102 3 0 
718** 615102 619102 3 0 
709** 615102 619102 3 0 
724** 615102 619102 3 0 
* A large thunderstorm on 7I1410 l pulled apart pen and caused net to roll 
**A large thunderstorm on 6/8/02 pulled bottom anchors together, giving enough slack in net to roll 
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average female lifespan 
standardized variance of female life span 
average male lifespan 
standardized variance of male life span 
standardized variance in male reproductive success 
standardized variance of female reproductive success 
Parameter Calculation 









Average age of maturity+ Average life span- 1=6 +10.3 - 1 
Ibm • 
I ** bf 
Ibm • 
I ** bf 
Calculated from fish caught during the spawning period 
(variance) I (mean)2 = 9.86 I 11.1 2 
Calculated from fish caught during the spawning period 
(variance) I (mean)2 = 17 .3 I 9 .562 
K + (1 - am) I am = 5. 94 + (1 - 1) I 1 
(1 - ar) I ar= (1 - 0.168282) I 0.168282 
K + (1 - am) I am= 3.25 + (1 - 1) I 1 
(1 - ar) I ar= (1 - 0.307448) I 0.307448 
* K is a correction factor based on the type of mating system. Under the lottery 
polygyny system, K = r I [(I - r) ar]. K = 0.5 I [(I - 0.5) * 0.168282] = 5.94 












* * Variance in female reproductive success can be calculated from the proportion of 
adult females consistent with a Poisson distribution of seasonal breeding success ( ar), 
proportion producing young (p ), and mean productivity of females producing at least one 
offspring (x). Under the Poisson distribution, the proportion producing zero offspring is 
exp(-br). The expected value ofbrcan be estimated from x = br/ [1 - exp(-br)]. 
Thus, ar = xp I br (Nunney and Elam 1994). ar= 0.1 * 1.5179 I 0.902 = 0.168282. 
ar= 3150.1I1616.1*2.0 = .844703.0 
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APPENDIX E: POPULATION SIZE SIMULATIONS FOR SHOEPACK 
LAKE 
Figure 3a 
Initial Pop. Size ( 4 and older) = 1120 
Recruits= 85 SD (Recruitment Variability)= Low (25) 
Natural Mortality= Current (0.0451) 
Angler Mortality= None (0) 
Ne/N = 0.6638 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 55 0 55 0 0 
3 153 0 100 0 0 
4 218 0 72 0 0 
5 288 0 80 0 0 
6 324 0 49 46 31 
7 391 0 82 127 85 
8 419 0 45 181 120 
9 469 0 69 240 159 
10 565 0 117 269 179 
11 666 0 127 325 216 
12 700 0 64 348 231 
13 748 0 79 390 259 
14 810 0 95 470 312 
15 832 0 59 554 368 
16 884 0 89 582 386 
17 892 0 48 622 413 
18 912 0 61 673 447 
19 993 0 121 692 459 
20 1004 0 56 735 488 
21 1031 0 73 741 492 
22 1062 0 77 759 504 
23 1118 0 104 825 548 
24 1168 0 100 835 554 
25 1193 0 77 858 569 
26 1229 0 90 883 586 
27 1263 0 90 930 617 
28 1278 0 72 971 645 
29 1357 0 137 992 658 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
30 1384 0 89 1022 678 
31 1397 0 75 1050 697 
32 1414 0 94 1049 696 
33 1431 0 106 1090 723 
34 1451 0 102 1097 728 
35 1441 0 75 1090 723 
36 1447 0 83 1106 734 
37 1481 0 120 1124 746 
38 1514 0 111 1147 761 
39 1500 0 72 1141 757 
40 1462 0 59 1129 749 
41 1459 0 95 1146 761 
42 1439 0 62 1171 777 
43 1395 0 40 1157 768 
44 1388 0 80 1131 750 
45 1433 0 122 1143 759 
46 1403 0 57 1121 744 
47 1425 0 97 1092 725 
48 1437 0 92 1094 726 
49 1431 0 89 1116 741 
50 1425 0 73 1099 730 
51 1426 0 83 1112 738 
52 1434 0 92 1119 743 
53 1429 0 86 1116 741 
54 1412 0 73 1101 731 
55 1427 0 98 1101 731 
56 1377 0 36 1105 734 
57 1389 0 97 1105 733 
58 1386 0 77 1097 728 
59 1355 0 66 1095 727 
60 1333 0 61 1054 699 
61 1335 0 81 1068 709 
62 1335 0 83 1061 704 
63 1339 0 91 1041 691 
64 1333 0 80 1020 677 
65 1312 0 58 1022 679 
66 1346 0 114 1024 680 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
67 1329 0 74 1023 679 
68 1337 0 95 1016 675 
69 1335 0 76 1001 664 
70 1298 0 37 1035 687 
71 1294 0 78 1027 682 
72 1313 0 94 1045 693 
73 1341 0 96 1051 698 
74 1351 0 91 1014 673 
75 1359 0 100 1003 666 
76 1408 0 124 1021 678 
77 1415 0 95 1031 684 
78 1372 0 44 1037 688 
79 1360 0 73 1051 698 
80 1369 0 89 1089 723 
81 1369 0 82 1098 729 
82 1395 0 111 1062 705 
83 1398 0 88 1053 699 
84 1406 0 89 1061 704 
85 1400 0 82 1057 701 
86 1402 0 74 1092 725 
87 1376 0 61 1091 724 
88 1419 0 124 1097 728 
89 1436 0 98 1099 729 
90 1459 0 102 1096 728 
91 1502 0 130 1077 715 
92 1452 0 38 1111 737 
93 1455 0 92 1120 743 
94 1466 0 96 1134 753 
95 1531 0 146 1176 781 
96 1516 0 82 1127 748 
97 1491 0 62 1133 752 
98 1498 0 98 1139 756 
99 1458 0 47 1190 790 
100 1441 0 57 1195 793 
101 1506 0 150 1173 779 
102 1511 0 96 1178 782 
103 1524 0 105 1140 757 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
104 1499 0 67 1114 739 
105 1455 0 49 1163 772 
106 1425 0 67 1159 770 
107 1411 0 74 1171 777 
108 1401 0 65 1163 772 
109 1438 0 118 1133 752 
110 1441 0 90 1115 740 
111 1432 0 76 1105 733 
112 1413 0 74 1081 718 
113 1397 0 70 1109 736 
114 1408 0 96 1112 738 
115 1380 0 56 1104 733 
116 1360 0 60 1097 728 
117 1358 0 75 1090 724 
118 1341 0 74 1090 724 
119 1339 0 83 1063 706 
120 1363 0 111 1040 690 
121 1365 0 95 1023 679 
122 1378 0 84 1029 683 
123 1372 0 79 1029 683 
124 1349 0 63 1050 697 
125 1339 0 88 1046 694 
126 1312 0 53 1048 696 
127 1305 0 68 1051 698 
128 1329 0 108 1031 685 
129 1317 0 59 1046 694 
130 1324 0 81 1029 683 
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Figure 3b 
Initial Pop. Size (4 and older)= 1120 
Recruits= 85 SD (Recruitment Variability)= High (45) 
Natural Mortality= Current (0.0451) 
Angler Mortality= None (0) 
NefN = 0.6638 
Year Number #Harvested #at Age-1 #Ages+ Ne 
1 0 0 0 0 0 
2 0 0 0 0 0 
3 125 0 125 0 0 
4 248 0 129 0 0 
5 338 0 101 0 0 
6 486 0 163 0 0 
7 585 0 120 104 69 
8 645 0 87 207 137 
9 701 0 85 281 187 
10 670 0 0 404 268 
11 691 0 52 486 323 
12 752 0 93 537 356 
13 822 0 103 583 387 
14 894 0 110 557 370 
15 905 0 51 574 381 
16 912 0 48 626 415 
17 992 0 121 683 453 
18 1072 0 125 744 494 
19 1054 0 31 752 499 
20 1117 0 110 758 503 
21 1160 0 94 825 547 
22 1241 0 134 891 592 
23 1236 0 51 877 582 
24 1317 0 137 928 616 
25 1257 0 0 964 640 
26 1239 0 38 1032 685 
27 1330 0 147 1028 682 
28 1343 0 74 1095 727 
29 1309 0 26 1045 694 
30 1353 0 103 1030 684 
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Year Number #Harvested #at Age-1 #Age5+ Ne 
31 1382 0 90 1106 734 
32 1430 0 111 1117 741 
33 1421 0 87 1057 701 
34 1366 0 41 1063 705 
35 1389 0 110 1064 706 
36 1436 0 151 1067 708 
37 1404 0 63 1061 704 
38 1412 0 93 1026 681 
39 1394 0 68 1049 697 
40 1450 0 118 1128 748 
41 1431 0 59 1116 741 
42 1389 0 46 1120 743 
43 1411 0 111 1100 730 
44 1465 0 145 1121 744 
45 1482 0 95 1107 735 
46 1503 0 100 1083 719 
47 1437 0 32 1096 728 
48 1406 0 65 1136 754 
49 1392 0 57 1157 768 
50 1431 0 130 1160 770 
51 1428 0 85 1111 737 
52 1393 0 62 1081 718 
53 1380 0 63 1067 708 
54 1355 0 72 1093 725 
55 1461 0 167 1114 740 
56 1547 0 161 1106 734 
57 1441 0 0 1072 711 
58 1402 0 45 1065 707 
59 1448 0 116 1149 763 
60 1501 0 144 1206 800 
61 1466 0 55 1129 749 
62 1467 0 95 1087 722 
63 1437 0 58 1113 739 
64 1428 0 66 1172 778 
65 1429 0 93 1138 755 
66 1477 0 151 1127 748 
67 1435 0 40 1109 736 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 1415 0 68 1091 724 
69 1476 0 142 1101 731 
70 1432 0 52 1148 762 
71 1493 0 140 1114 740 
72 1506 0 92 1109 736 
73 1514 0 104 1150 763 
74 1528 0 118 1104 733 
75 1505 0 70 1147 761 
76 1522 0 111 1147 761 
77 1640 0 194 1173 779 
78 1631 0 81 1203 798 
79 1607 0 64 1192 791 
80 1513 0 11 1198 795 
81 1514 0 91 1284 852 
82 1512 0 81 1278 848 
83 1530 0 102 1258 835 
84 1443 0 0 1192 792 
85 1382 0 46 1172 778 
86 1368 0 89 1146 761 
87 1386 0 79 1180 783 
88 1340 0 28 1115 740 
89 1349 0 99 1074 713 
90 1300 0 48 1063 706 
91 1342 0 115 1067 709 
92 1351 0 93 1019 676 
93 1391 0 116 1041 691 
94 1423 0 112 1017 675 
95 1451 0 116 1043 692 
96 1462 0 114 1035 687 
97 1386 0 0 1075 713 
98 1306 0 0 1102 732 
99 1269 0 57 1113 739 
100 1390 0 191 1144 760 
101 1363 0 71 1057 702 
102 1360 0 82 987 655 
103 1398 0 125 964 640 
104 1392 0 87 1050 697 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 1370 0 58 1044 693 
106 1379 0 98 1037 688 
107 1405 0 137 1046 694 
108 1423 0 102 1050 697 
109 1485 0 141 1035 687 
110 1448 0 33 1068 709 
111 1417 0 57 1110 737 
112 1374 0 41 1125 747 
113 1354 0 68 1166 774 
114 1423 0 130 1141 758 
115 1500 0 153 1126 747 
116 1450 0 39 1087 722 
117 1461 0 96 1075 713 
118 1469 0 81 1127 748 
119 1378 0 0 1178 782 
120 1350 0 46 1146 761 
121 1326 0 66 1146 760 
122 1269 0 26 1138 756 
123 1258 0 75 1058 702 
124 1277 0 104 1020 677 
125 1246 0 55 1000 664 
126 1271 0 110 948 629 
127 1214 0 0 968 643 
128 1204 0 45 1011 671 
129 1254 0 118 997 662 
130 1240 0 91 996 661 
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Figure 3c 
Initial Pop. Size (4 and older)= 1120 
Recruits= 85 SD (Recruitment Variability)= Low (25) 
Natural Mortality= Current (0.0451) 
Angler Mortality = Low (0.025) 
Ne/N = 0.6638 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 75 0 75 0 0 
3 132 2 60 0 0 
4 216 3 92 0 0 
5 301 5 97 0 0 
6 376 7 93 58 39 
7 424 8 72 101 67 
8 477 10 80 165 109 
9 506 11 60 229 152 
10 552 11 79 284 189 
11 587 12 71 320 212 
12 638 13 90 360 239 
13 687 14 91 382 253 
14 715 15 74 416 276 
15 774 16 106 442 294 
16 784 17 61 481 319 
17 750 18 18 518 344 
18 771 17 73 539 358 
19 829 17 109 584 388 
20 877 19 102 591 392 
21 916 20 97 564 374 
22 988 21 133 581 386 
23 985 22 61 625 415 
24 996 22 77 661 439 
25 983 23 53 691 458 
26 1011 22 95 746 495 
27 1007 23 64 741 492 
28 1023 23 83 750 498 
29 1038 23 84 740 491 
30 1040 23 71 762 506 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 1071 24 101 758 503 
32 1084 24 94 761 505 
33 1088 24 83 766 509 
34 1071 24 67 757 503 
35 1076 24 89 771 512 
36 1090 24 97 779 517 
37 1106 24 97 781 518 
38 1111 25 89 769 511 
39 1133 25 103 777 516 
40 1111 25 63 790 524 
41 1094 25 67 802 532 
42 1103 25 93 804 534 
43 1102 25 84 818 543 
44 1096 25 76 801 532 
45 1098 24 89 785 521 
46 1097 25 79 795 528 
47 1068 25 47 803 533 
48 1036 24 50 798 529 
49 1050 23 97 798 530 
50 1070 23 102 792 526 
51 1060 24 73 762 506 
52 1066 24 94 732 486 
53 1062 24 74 749 497 
54 1068 24 86 767 509 
55 1050 24 60 764 507 
56 1075 24 107 772 512 
57 1086 24 91 768 510 
58 1055 24 52 772 512 
59 1064 24 90 755 501 
60 1112 24 128 777 516 
61 1120 25 94 781 519 
62 1105 25 71 756 502 
63 1081 25 61 763 507 
64 1077 24 76 801 532 
65 1073 24 79 808 536 
66 1096 24 107 795 528 
67 1138 24 126 775 515 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 1159 25 107 770 511 
69 1143 26 74 766 508 
70 1158 26 99 788 523 
71 1130 26 58 823 546 
72 1126 25 83 838 556 
73 1124 25 84 827 549 
74 1103 25 63 837 556 
75 1106 25 88 814 540 
76 1141 25 119 812 539 
77 1134 26 74 816 541 
78 1135 26 83 802 532 
79 1077 25 31 803 533 
80 1039 24 48 827 549 
81 1034 23 74 818 543 
82 1012 23 59 815 541 
83 1029 23 95 773 513 
84 1068 23 117 746 495 
85 1063 24 73 744 494 
86 1048 24 70 726 482 
87 1006 23 39 738 490 
88 963 23 32 772 512 
89 954 22 68 764 507 
90 975 21 100 749 497 
91 981 22 82 717 476 
92 999 22 92 683 453 
93 995 22 70 681 452 
94 1005 22 86 702 466 
95 1003 22 75 708 470 
96 1012 22 89 717 476 
97 979 23 50 706 469 
98 973 22 73 711 472 
99 942 22 44 711 472 
100 955 21 89 719 477 
101 925 21 40 701 465 
102 916 21 64 698 464 
103 945 20 100 674 447 
104 923 21 49 689 457 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 970 21 119 661 439 
106 943 22 52 651 432 
107 911 21 40 675 448 
108 891 20 52 656 435 
109 892 20 65 699 464 
110 925 20 99 685 455 
111 946 21 91 660 438 
112 918 21 42 647 429 
113 913 21 69 641 426 
114 902 20 64 659 438 
115 899 20 67 675 448 
116 921 20 91 653 433 
117 898 21 43 656 436 
118 879 20 45 657 436 
119 864 20 53 655 435 
120 873 19 79 668 443 
121 892 19 88 645 428 
122 901 20 79 624 414 
123 973 20 140 613 407 
124 998 22 98 622 413 
125 1010 22 88 638 423 
126 1009 23 76 644 428 
127 996 23 61 702 466 
128 1003 22 83 721 479 
129 1033 23 102 734 487 
130 1025 23 72 732 486 
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Figure 3d 
Initial Pop. Size (4 and older)= 1120 
Recruits= 85 SD (Recruitment Variability)= High (45) 
Natural Mortality= Current (0.0451) 
Angler Mortality = Low (0.025) 
Ne/N = 0.6638 
Year Number #Harvested #at Age-1 #Ages+ Ne 
1 0 0 0 0 0 
2 58 0 58 0 0 
3 80 1 25 0 0 
4 136 2 60 0 0 
5 167 3 39 0 0 
6 234 4 77 45 30 
7 304 5 84 61 41 
8 383 7 98 103 69 
9 416 9 56 126 84 
10 466 9 77 177 118 
11 529 10 94 230 153 
12 629 12 134 290 193 
13 662 14 73 314 208 
14 684 15 66 352 234 
15 731 15 93 400 265 
16 734 16 51 476 316 
17 802 17 117 499 331 
18 912 18 162 515 342 
19 953 20 100 551 366 
20 1040 22 150 552 367 
21 1030 23 57 605 402 
22 1027 23 67 689 457 
23 1036 23 78 719 477 
24 1020 23 53 785 521 
25 1054 23 102 775 514 
26 1111 24 128 773 513 
27 1131 25 93 780 518 
28 1112 26 56 768 510 
29 1123 25 87 794 527 
30 1070 25 22 838 556 
109 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 1129 24 132 852 565 
32 1123 25 76 829 551 
33 1097 25 52 836 555 
34 1076 25 61 788 523 
35 1070 24 72 831 552 
36 1048 24 59 824 547 
37 1057 24 90 796 529 
38 1053 24 78 777 516 
39 1117 24 141 772 512 
40 1091 25 56 755 501 
41 1086 24 80 761 505 
42 1176 24 179 753 500 
43 1224 26 134 801 532 
44 1135 27 0 782 519 
45 1083 26 37 779 517 
46 1094 24 91 857 569 
47 1007 24 0 887 589 
48 1067 22 149 806 535 
49 1073 24 89 767 509 
50 1066 24 82 766 509 
51 1140 24 152 707 469 
52 1093 25 36 765 508 
53 1086 25 76 771 512 
54 1144 24 138 775 514 
55 1131 25 74 827 549 
56 1116 25 76 782 519 
57 1084 25 54 776 515 
58 1096 24 92 822 546 
59 1129 25 117 812 539 
60 1150 25 98 813 539 
61 1138 26 80 783 520 
62 1181 26 129 790 525 
63 1204 27 107 820 545 
64 1260 27 144 832 553 
65 1294 28 126 828 550 
66 1304 29 102 864 573 
67 1299 29 94 876 581 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 1229 29 27 917 609 
69 1228 28 99 935 620 
70 1139 28 0 942 625 
71 1103 26 53 940 624 
72 1106 24 99 874 580 
73 1025 25 9 875 580 
74 981 23 27 814 540 
75 971 22 61 794 527 
76 997 22 102 805 534 
77 999 23 69 756 502 
78 1064 22 150 707 469 
79 992 24 9 695 461 
80 926 22 11 716 475 
81 906 21 62 701 465 
82 980 20 139 764 507 
83 1043 22 136 709 471 
84 1070 23 113 652 433 
85 1068 24 77 646 429 
86 1171 24 184 700 465 
87 1129 26 40 750 498 
88 1129 25 88 774 514 
89 1091 25 52 767 509 
90 1077 24 72 844 560 
91 1116 24 121 807 536 
92 1105 25 78 804 534 
93 1070 25 53 775 515 
94 1066 24 85 760 504 
95 1146 24 167 786 522 
96 1209 25 150 780 518 
97 1208 27 90 756 501 
98 1154 27 31 766 508 
99 1158 26 95 830 551 
100 1097 26 16 889 590 
101 1073 25 57 890 591 
102 1059 24 71 841 558 
103 1081 24 95 855 567 
104 1069 24 63 805 534 
111 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 1049 24 59 786 522 
106 997 23 32 774 514 
107 1012 22 91 786 522 
108 1021 22 95 762 506 
109 1129 23 178 754 501 
110 1095 25 40 725 481 
111 1108 25 95 738 490 
112 1046 25 29 743 493 
113 1061 23 102 813 540 
114 1092 24 116 774 514 
115 1076 24 66 785 521 
116 1105 24 123 731 485 
117 1141 25 115 755 501 
118 1137 26 82 781 519 
119 1221 26 166 772 512 
120 1276 27 143 805 535 
121 1305 28 128 824 547 
122 1362 29 154 821 545 
123 1383 31 117 886 588 
124 1427 31 147 926 614 
125 1333 32 21 940 624 
126 1301 30 76 976 648 
127 1252 29 51 988 656 
128 1220 28 56 1030 684 
129 1199 27 73 964 640 
130 1152 27 36 954 633 
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Figure 3e 
Initial Pop. Size ( 4 and older) = 1120 
Recruits= 85 SD (Recruitment Variability)= Low (25) 
Natural Mortality= Current (0.0451) 
Angler Mortality = High (0.05) 
Ne/N = 0.6638 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 116 0 116 0 0 
3 214 5 104 0 0 
4 244 9 44 0 0 
5 317 11 94 0 0 
6 395 14 102 83 55 
7 467 17 104 150 99 
8 508 21 78 167 111 
9 527 22 62 219 145 
10 528 23 47 272 180 
11 568 23 87 321 213 
12 574 25 54 347 231 
13 595 25 71 360 239 
14 653 26 110 360 239 
15 698 29 100 389 258 
16 736 31 97 391 260 
17 734 32 61 406 269 
18 760 32 91 447 297 
19 810 34 117 477 317 
20 827 36 86 503 334 
21 843 37 88 500 332 
22 833 37 64 518 344 
23 853 37 94 554 367 
24 882 38 104 564 374 
25 911 39 105 574 381 
26 911 40 79 567 376 
27 903 40 73 581 386 
28 978 40 155 602 400 
29 986 43 92 621 412 
30 1007 44 107 620 412 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 963 44 44 615 408 
32 965 42 95 662 439 
33 961 42 87 660 438 
34 1022 42 148 673 447 
35 1000 45 71 637 423 
36 995 44 90 640 425 
37 986 44 85 637 423 
38 960 43 65 680 451 
39 950 42 79 664 440 
40 941 42 78 664 440 
41 909 41 56 658 437 
42 893 40 68 640 425 
43 885 39 75 634 421 
44 891 39 91 625 415 
45 879 39 72 601 399 
46 871 39 75 588 391 
47 876 38 86 584 388 
48 917 38 123 590 392 
49 973 40 141 580 385 
50 938 43 53 575 382 
51 936 41 87 578 384 
52 908 41 58 609 404 
53 873 40 52 649 431 
54 881 38 93 620 412 
55 907 39 109 619 411 
56 879 40 55 599 397 
57 872 39 75 576 382 
58 835 38 49 580 385 
59 838 37 83 599 398 
60 836 37 77 577 383 
61 869 37 110 575 382 
62 869 38 80 551 366 
63 848 38 60 554 368 
64 855 37 91 550 365 
65 877 38 101 574 381 
66 859 38 63 573 380 
67 881 38 103 558 370 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 857 39 56 567 377 
69 828 38 52 583 387 
70 834 36 85 569 378 
71 865 37 107 587 390 
72 819 38 33 569 378 
73 788 36 47 549 364 
74 787 35 75 554 367 
75 791 35 77 575 382 
76 772 35 54 541 359 
77 764 34 66 519 345 
78 776 33 86 518 344 
79 769 34 69 518 344 
80 780 34 82 505 336 
81 814 34 107 501 332 
82 828 36 88 513 340 
83 867 36 114 511 339 
84 838 38 52 517 343 
85 869 37 112 540 358 
86 896 38 105 549 365 
87 897 39 83 576 382 
88 903 39 88 556 369 
89 890 40 71 580 385 
90 873 39 67 597 396 
91 885 38 95 595 395 
92 862 39 59 598 397 
93 934 38 152 590 391 
94 949 41 99 578 383 
95 962 42 101 587 389 
96 971 42 96 571 379 
97 899 43 19 621 412 
98 921 40 108 631 419 
99 879 40 41 642 426 
100 866 39 71 647 429 
101 880 38 97 594 395 
102 920 39 118 615 408 
103 976 40 138 584 388 
104 916 43 28 576 383 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
105 919 40 90 588 390 
106 901 40 67 615 408 
107 890 40 73 654 434 
108 882 39 75 608 404 
109 879 39 79 612 406 
110 879 39 82 598 397 
111 892 39 96 589 391 
112 893 39 84 583 387 
113 888 39 79 579 384 
114 824 39 17 581 386 
115 822 36 80 590 392 
116 852 36 108 590 391 
117 873 37 99 587 390 
118 896 38 104 540 358 
119 875 39 61 543 360 
120 856 39 62 566 376 
121 843 38 69 579 385 
122 841 37 76 597 396 
123 813 37 54 576 383 
124 783 36 49 562 373 
125 796 34 89 553 367 
126 821 35 100 551 366 
127 827 36 77 538 357 
128 820 36 73 517 343 
129 846 36 100 530 352 
130 885 37 117 549 364 
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Figure 3f 
Initial Pop. Size (4 and older)= 1120 
Recruits= 85 SD (Recruitment Variability)= High =(45) 
Natural Mortality= Current (0.0451) 
Angler Mortality = High (0.05) 
Ne/N = 0.6638 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 95 0 95 0 0 
3 136 4 45 0 0 
4 126 6 0 0 0 
5 214 6 99 0 0 
6 309 9 111 68 45 
7 383 14 96 94 63 
8 358 17 6 85 57 
9 418 16 93 149 99 
10 444 18 60 214 142 
11 406 20 0 263 175 
12 477 18 108 243 161 
13 505 21 68 287 190 
14 592 22 130 303 201 
15 669 26 126 275 183 
16 709 29 95 327 217 
17 712 31 63 345 229 
18 687 31 38 406 270 
19 769 30 143 459 304 
20 765 34 61 485 322 
21 719 34 21 485 322 
22 673 32 19 467 310 
23 722 30 111 526 349 
24 781 32 120 521 346 
25 782 34 68 488 324 
26 797 35 84 456 303 
27 806 35 78 493 327 
28 788 36 53 534 354 
29 823 35 106 533 354 
30 778 36 26 543 361 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
31 823 34 116 549 364 
32 822 36 75 530 352 
33 853 36 106 554 368 
34 822 38 42 521 346 
35 792 36 50 550 365 
36 800 35 85 547 363 
37 762 35 38 567 376 
38 714 34 21 544 361 
39 720 31 76 524 347 
40 661 32 8 532 353 
41 643 29 42 510 339 
42 711 28 132 472 313 
43 765 31 117 479 318 
44 803 33 111 433 287 
45 827 35 99 415 276 
46 805 36 55 466 309 
47 831 35 101 503 334 
48 797 37 40 534 354 
49 851 35 134 547 363 
50 858 37 83 532 353 
51 808 38 27 554 368 
52 785 36 51 530 352 
53 759 34 51 571 379 
54 786 33 102 570 379 
55 788 34 74 533 354 
56 802 35 88 515 342 
57 813 35 86 499 331 
58 799 36 60 523 347 
59 743 35 20 521 346 
60 673 33 0 534 354 
61 718 30 114 539 358 
62 696 31 44 528 351 
63 696 31 68 487 324 
64 692 31 59 440 292 
65 709 30 81 478 317 
66 780 31 138 460 305 
67 847 34 135 464 308 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 859 37 85 462 306 
69 862 38 82 473 314 
70 845 38 59 527 350 
71 907 37 139 572 380 
72 858 40 36 572 380 
73 868 38 94 571 379 
74 814 38 29 554 368 
75 885 36 150 597 396 
76 901 39 95 565 375 
77 846 39 30 573 381 
78 857 37 90 538 357 
79 873 37 98 588 390 
80 913 38 121 597 396 
81 864 40 31 561 372 
82 801 38 18 570 379 
83 763 35 38 585 388 
84 779 33 91 612 406 
85 724 34 17 573 380 
86 782 32 129 527 350 
87 810 34 99 501 333 
88 820 36 83 516 343 
89 777 36 31 479 318 
90 861 34 154 527 350 
91 790 38 8 543 360 
92 848 35 134 549 365 
93 814 37 42 517 343 
94 823 36 85 575 382 
95 773 36 27 523 347 
96 706 34 11 562 373 
97 671 31 37 532 353 
98 690 29 84 539 358 
99 668 30 43 504 334 
100 673 29 68 462 306 
101 645 29 39 437 290 
102 688 28 102 455 302 
103 647 30 24 438 291 
104 700 29 113 444 295 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
105 728 30 96 423 281 
106 699 32 38 451 300 
107 712 31 77 425 282 
108 810 31 166 461 306 
109 765 35 27 482 320 
110 779 34 91 457 304 
111 735 34 25 469 311 
112 718 32 51 543 361 
113 759 32 108 510 338 
114 789 33 100 522 347 
115 750 35 30 491 326 
116 794 33 119 474 315 
117 806 35 86 502 333 
118 800 35 69 522 347 
119 832 35 104 493 327 
120 794 36 43 524 348 
121 776 35 53 537 356 
122 868 34 169 528 351 
123 902 38 109 552 366 
124 891 40 72 526 349 
125 965 39 154 514 341 
126 937 42 55 587 390 
127 902 41 51 608 404 
128 827 40 11 598 397 
129 780 37 32 650 432 
130 748 34 43 626 415 
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Figure 3g 
Initial Pop. Size (4 and older)= 1120 
Recruits= 181 SD (Recruitment Variability)= Low (25) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality= None (0) 
Ne/N = 0.7513 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 169 0 169 0 0 
3 276 0 123 0 0 
4 406 0 158 0 0 
5 505 0 140 0 0 
6 617 0 162 111 83 
7 755 0 200 181 136 
8 827 0 148 266 200 
9 894 0 149 332 249 
10 960 0 156 405 304 
11 1030 0 166 495 372 
12 1076 0 149 543 408 
13 1089 0 121 586 441 
14 1179 0 199 630 473 
15 1189 0 128 676 508 
16 1235 0 165 706 530 
17 1257 0 146 715 537 
18 1318 0 186 774 581 
19 1357 0 171 780 586 
20 1373 0 152 810 609 
21 1420 0 184 825 620 
22 1454 0 176 865 650 
23 1445 0 136 890 669 
24 1480 0 180 901 677 
25 1487 0 155 931 700 
26 1522 0 184 954 717 
27 1543 0 174 948 712 
28 1506 0 117 971 730 
29 1509 0 154 976 733 
30 1554 0 195 998 750 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
31 1542 0 144 1013 761 
32 1540 0 159 981 737 
33 1537 0 156 979 735 
34 1548 0 172 1002 753 
35 1534 0 147 990 744 
36 1519 0 145 989 743 
37 1504 0 146 984 739 
38 1523 0 176 992 745 
39 1507 0 142 983 738 
40 1517 0 167 973 731 
41 1528 0 170 964 724 
42 1526 0 158 977 734 
43 1533 0 165 967 727 
44 1558 0 186 972 730 
45 1549 0 152 981 737 
46 1577 0 190 979 736 
47 1587 0 174 983 739 
48 1571 0 151 999 751 
49 1582 0 175 992 745 
50 1636 0 219 1011 759 
51 1652 0 188 1016 763 
52 1635 0 156 1006 756 
53 1582 0 116 1014 762 
54 1551 0 135 1049 788 
55 1531 0 141 1061 797 
56 1555 0 185 1049 788 
57 1553 0 160 1013 761 
58 1580 0 187 995 748 
59 1567 0 152 982 738 
60 1561 0 158 997 749 
61 1532 0 133 996 749 
62 1551 0 179 1013 761 
63 1564 0 175 1005 755 
64 1570 0 170 1001 752 
65 1542 0 135 982 738 
66 1524 0 142 995 748 
67 1525 0 159 1004 754 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 1552 0 187 1008 757 
69 1572 0 181 990 743 
70 1557 0 149 977 734 
71 1506 0 113 976 734 
72 1528 0 179 995 747 
73 1520 0 151 1007 757 
74 1517 0 158 997 749 
75 1532 0 173 964 724 
76 1515 0 144 977 734 
77 1511 0 155 971 730 
78 1518 0 165 971 730 
79 1490 0 131 980 736 
80 1489 0 158 967 727 
81 1451 0 119 964 724 
82 1465 0 166 969 728 
83 1504 0 190 954 716 
84 1526 0 178 956 718 
85 1527 0 160 932 700 
86 1539 0 172 940 706 
87 1568 0 190 964 724 
88 1562 0 158 976 733 
89 1530 0 131 977 734 
90 1520 0 149 986 740 
91 1518 0 156 1006 756 
92 1505 0 147 1002 753 
93 1523 0 176 980 737 
94 1517 0 154 973 731 
95 1552 0 193 972 730 
96 1571 0 180 965 725 
97 1589 0 182 977 734 
98 1596 0 174 972 731 
99 1553 0 124 994 747 
100 1510 0 119 1006 756 
101 1515 0 160 1020 766 
102 1508 0 152 1025 770 
103 1507 0 157 997 749 
104 1546 0 196 969 728 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
105 1544 0 160 970 728 
106 1533 0 149 966 726 
107 1531 0 158 966 726 
108 1524 0 153 991 745 
109 1486 0 121 991 745 
110 1496 0 165 984 739 
111 1489 0 148 984 739 
112 1469 0 136 979 735 
113 1487 0 174 952 715 
114 1504 0 173 957 719 
115 1488 0 141 951 715 
116 1508 0 176 938 705 
117 1519 0 169 950 714 
118 1511 0 151 962 723 
119 1504 0 149 953 716 
120 1515 0 167 967 726 
121 1548 0 192 975 732 
122 1547 0 160 970 729 
123 1539 0 154 964 724 
124 1529 0 150 971 729 
125 1517 0 149 991 745 
126 1510 0 152 990 743 
127 1515 0 164 984 739 
128 1526 0 169 977 734 
129 1486 0 118 972 730 
130 1529 0 197 969 728 
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Figure 3h 
Initial Pop. Size (4 and older)= 1120 
Recruits= 181 SD (Recruitment Variability)= High (45) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality= None (0) 
NefN = 0. 7513 
Year Number #Harvested #at Age-1 #Ages+ Ne 
1 0 0 0 0 0 
2 188 0 188 0 0 
3 320 0 150 0 0 
4 470 0 183 0 0 
5 619 0 195 0 0 
6 698 0 141 123 93 
7 753 0 125 210 158 
8 828 0 150 309 232 
9 956 0 211 406 305 
10 1013 0 153 458 344 
11 1042 0 130 494 371 
12 1101 0 164 543 408 
13 1120 0 129 627 471 
14 1189 0 181 665 500 
15 1147 0 77 683 513 
16 1127 0 95 723 543 
17 1215 0 201 735 552 
18 1238 0 144 780 586 
19 1319 0 205 753 566 
20 1339 0 152 739 556 
21 1312 0 106 797 599 
22 1342 0 162 812 610 
23 1384 0 176 865 650 
24 1348 0 103 879 660 
25 1328 0 115 860 646 
26 1356 0 160 881 662 
27 1386 0 166 908 682 
28 1516 0 269 884 664 
29 1510 0 146 871 655 
30 1552 0 193 889 668 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
31 1555 0 158 909 683 
32 1572 0 180 987 741 
33 1582 0 174 977 734 
34 1608 0 192 998 750 
35 1618 0 179 994 747 
36 1563 0 113 1007 756 
37 1547 0 145 1015 762 
38 1568 0 183 1033 776 
39 1550 0 148 1038 780 
40 1496 0 107 1002 753 
41 1525 0 185 992 745 
42 1548 0 183 1005 755 
43 1577 0 189 996 748 
44 1566 0 154 959 721 
45 1588 0 183 981 737 
46 1599 0 174 999 750 
47 1515 0 84 1014 762 
48 1524 0 167 1008 757 
49 1525 0 163 1018 765 
50 1551 0 185 1024 769 
51 1599 0 208 972 730 
52 1595 0 163 977 734 
53 1578 0 149 979 735 
54 1501 0 86 998 750 
55 1530 0 184 1029 773 
56 1529 0 159 1027 771 
57 1467 0 98 1015 762 
58 1434 0 125 958 720 
59 1477 0 193 977 734 
60 1508 0 186 975 733 
61 1438 0 87 935 703 
62 1401 0 115 916 688 
63 1428 0 175 944 709 
64 1440 0 162 963 724 
65 1461 0 173 917 689 
66 1451 0 141 896 673 
67 1496 0 196 915 687 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 1554 0 215 922 692 
69 1510 0 118 937 704 
70 1521 0 167 931 700 
71 1510 0 149 959 720 
72 1490 0 139 996 749 
73 1513 0 180 966 726 
74 1528 0 174 972 730 
75 1592 0 224 965 725 
76 1632 0 207 952 715 
77 1635 0 169 971 730 
78 1594 0 130 981 737 
79 1623 0 195 1023 769 
80 1619 0 167 1049 788 
81 1531 0 83 1046 786 
82 1469 0 97 1020 766 
83 1510 0 194 1039 781 
84 1522 0 167 1041 782 
85 1596 0 234 984 739 
86 1602 0 173 942 708 
87 1629 0 191 971 730 
88 1691 0 230 978 735 
89 1749 0 236 1026 771 
90 1756 0 189 1029 773 
91 1746 0 170 1047 787 
92 1805 0 239 1089 818 
93 1773 0 156 1127 847 
94 1746 0 157 1132 850 
95 1764 0 201 1123 843 
96 1736 0 154 1161 872 
97 1738 0 185 1139 855 
98 1701 0 146 1118 840 
99 1673 0 147 1133 851 
100 1704 0 205 1114 837 
101 1572 0 45 1117 839 
102 1527 0 118 1095 823 
103 1474 0 107 1074 807 
104 1463 0 144 1094 822 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
105 1417 0 110 1005 755 
106 1364 0 97 973 731 
107 1382 0 162 939 705 
108 1497 0 258 934 702 
109 1505 0 167 904 679 
110 1466 0 118 871 654 
111 1472 0 157 886 666 
112 1493 0 172 963 723 
113 1545 0 210 968 727 
114 1544 0 160 941 707 
115 1517 0 138 940 706 
116 1484 0 126 951 715 
117 1496 0 168 986 741 
118 1497 0 160 983 738 
119 1442 0 105 965 725 
120 1492 0 202 943 708 
121 1505 0 170 952 715 
122 1453 0 108 952 715 
123 1457 0 157 919 690 
124 1516 0 211 953 716 
125 1525 0 169 960 722 
126 1586 0 221 929 698 
127 1617 0 197 931 699 
128 1610 0 161 970 729 
129 1600 0 157 978 734 
130 1622 0 191 1016 763 
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Figure 3i 
Initial Pop. Size (4 and older)= 1120 
Recruits= 181 SD (Recruitment Variability)= Low (25) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality =Low (0.025) 
NefN = 0.7513 
Year Number #Harvested #at Age-1 #Ages+ Ne 
1 0 0 0 0 0 
2 137 0 137 0 0 
3 298 3 175 0 0 
4 446 6 181 0 0 
5 552 9 156 0 0 
6 678 11 190 83 63 
7 760 14 160 180 135 
8 811 16 140 268 201 
9 882 17 167 330 248 
10 945 18 167 405 305 
11 1010 19 176 453 341 
12 1017 21 127 483 363 
13 1030 21 134 526 395 
14 1049 21 142 563 423 
15 1065 22 141 602 452 
16 1097 22 158 606 455 
17 1150 23 184 613 461 
18 1218 24 204 625 469 
19 1237 25 164 634 477 
20 1276 26 186 653 491 
21 1267 26 142 685 515 
22 1259 26 144 726 545 
23 1244 26 136 737 553 
24 1293 26 198 760 571 
25 1326 27 186 754 566 
26 1334 27 167 749 563 
27 1343 28 168 740 556 
28 1352 28 169 770 579 
29 1344 28 153 789 593 
30 1311 28 129 794 597 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 1333 27 179 800 601 
32 1341 27 170 802 602 
33 1410 28 232 793 596 
34 1406 29 167 771 579 
35 1391 29 157 783 588 
36 1348 29 128 787 591 
37 1322 28 139 828 622 
38 1267 27 107 826 620 
39 1263 26 151 817 613 
40 1302 26 194 791 594 
41 1321 27 177 775 582 
42 1341 27 180 743 558 
43 1357 28 179 741 557 
44 1345 28 153 765 575 
45 1309 28 128 777 584 
46 1289 27 140 788 592 
47 1332 27 201 797 599 
48 1320 27 151 789 592 
49 1334 27 175 767 576 
50 1341 27 170 754 567 
51 1275 28 97 781 587 
52 1267 26 149 775 582 
53 1271 26 158 784 589 
54 1315 26 200 787 592 
55 1319 27 164 746 561 
56 1361 27 203 742 558 
57 1363 28 167 744 559 
58 1370 28 173 771 580 
59 1346 28 143 774 581 
60 1360 28 178 800 601 
61 1355 28 160 801 602 
62 1392 28 203 804 604 
63 1342 29 121 788 592 
64 1309 28 131 797 599 
65 1296 27 148 794 596 
66 1296 27 158 817 614 
67 1320 27 182 788 592 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 1287 27 127 769 578 
69 1309 27 179 762 573 
70 1304 27 156 761 572 
71 1354 27 209 775 582 
72 1370 28 181 754 566 
73 1355 28 152 767 576 
74 1341 28 151 765 574 
75 1358 28 180 796 598 
76 1363 28 170 806 605 
77 1339 28 143 796 598 
78 1321 28 145 787 591 
79 1295 27 136 797 599 
80 1300 27 164 800 601 
81 1260 27 118 787 591 
82 1238 26 132 776 583 
83 1243 26 157 760 571 
84 1270 26 179 763 573 
85 1259 26 144 738 554 
86 1302 26 198 724 544 
87 1299 27 155 727 547 
88 1309 27 169 744 559 
89 1338 27 188 738 554 
90 1319 27 144 764 574 
91 1338 27 180 762 572 
92 1296 27 122 768 577 
93 1303 27 166 786 590 
94 1321 27 176 775 582 
95 1341 27 180 786 591 
96 1327 28 149 761 572 
97 1340 27 176 765 575 
98 1338 28 160 776 583 
99 1297 28 122 787 591 
100 1332 27 194 779 585 
101 1287 27 118 786 591 
102 1265 27 136 784 589 
103 1270 26 160 759 570 
104 1271 26 156 782 587 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 1232 26 116 754 567 
106 1279 25 199 741 557 
107 1314 26 190 745 560 
108 1271 27 116 746 560 
109 1271 26 156 722 543 
110 1295 26 179 752 565 
111 1286 27 148 773 581 
112 1280 26 151 746 561 
113 1304 26 180 747 561 
114 1272 27 127 761 572 
115 1239 26 122 755 567 
116 1254 26 168 750 564 
117 1256 26 155 765 575 
118 1239 26 136 745 560 
119 1269 25 183 725 544 
120 1220 26 105 736 553 
121 1210 25 140 736 553 
122 1230 25 167 726 546 
123 1232 25 152 745 560 
124 1270 25 188 715 537 
125 1299 26 184 709 533 
126 1280 27 139 721 542 
127 1263 26 140 722 542 
128 1280 26 172 745 560 
129 1289 26 164 763 573 
130 1297 26 166 750 564 
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Figure 3j 
Initial Pop. Size ( 4 and older) = 1120 
Recruits= 181 SD (Recruitment Variability)= High (45) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality = Low (0.025) 
Ne/N = 0.7513 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 162 0 162 0 0 
3 319 3 173 0 0 
4 501 6 217 0 0 
5 607 10 162 0 0 
6 778 12 241 99 74 
7 819 16 131 192 144 
8 867 17 145 301 226 
9 902 18 138 363 272 
10 917 19 122 465 350 
11 969 19 162 488 367 
12 1077 20 222 517 388 
13 1097 22 147 538 404 
14 1090 23 124 546 410 
15 1097 23 137 578 434 
16 1170 23 204 642 483 
17 1173 24 141 653 491 
18 1236 24 203 649 487 
19 1230 25 140 653 490 
20 1299 25 216 697 524 
21 1329 27 185 698 524 
22 1306 27 135 737 553 
23 1299 27 149 732 550 
24 1323 27 179 774 581 
25 1315 27 150 792 595 
26 1331 27 173 777 584 
27 1422 27 250 773 581 
28 1346 29 92 787 592 
29 1317 28 134 783 588 
30 1371 27 212 792 595 
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Year Number #Harvested #at Age-1 #Age 5+ Ne 
31 1338 28 131 848 637 
32 1308 28 133 796 598 
33 1300 27 153 777 584 
34 1339 27 199 806 606 
35 1309 27 132 784 589 
36 1270 27 123 764 574 
37 1188 26 73 761 572 
38 1206 25 165 786 591 
39 1243 25 184 768 577 
40 1163 26 70 746 561 
41 1236 24 217 696 523 
42 1287 25 203 707 531 
43 1304 26 172 729 548 
44 1358 27 212 680 511 
45 1381 28 187 726 546 
46 1370 28 158 756 568 
47 1286 28 83 766 575 
48 1317 27 191 797 599 
49 1384 27 227 811 609 
50 1391 28 176 803 603 
51 1371 29 149 751 565 
52 1380 28 176 773 581 
53 1435 28 222 813 611 
54 1523 29 263 817 614 
55 1463 31 122 805 605 
56 1459 30 176 810 609 
57 1419 30 140 842 632 
58 1379 29 132 897 674 
59 1357 28 146 859 645 
60 1334 28 144 856 643 
61 1350 27 179 834 627 
62 1350 28 164 810 609 
63 1363 28 177 797 598 
64 1391 28 194 783 588 
65 1423 29 201 793 596 
66 1495 29 244 794 596 
67 1468 31 151 803 603 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 1421 30 132 820 616 
69 1396 29 150 838 629 
70 1436 29 209 883 663 
71 1468 29 207 862 648 
72 1455 30 166 833 626 
73 1433 30 156 819 615 
74 1429 29 172 842 632 
75 1416 29 162 861 647 
76 1436 29 193 853 641 
77 1438 30 175 842 633 
78 1342 30 80 840 631 
79 1350 28 175 831 624 
80 1380 28 195 843 633 
81 1339 28 126 843 633 
82 1345 28 170 785 590 
83 1339 28 159 791 594 
84 1315 28 142 808 607 
85 1306 27 150 783 588 
86 1265 27 119 787 591 
87 1260 26 150 785 590 
88 1283 26 176 773 581 
89 1281 26 154 767 576 
90 1286 26 161 742 558 
91 1366 26 238 739 556 
92 1350 28 149 753 566 
93 1328 28 143 751 564 
94 1310 27 146 753 566 
95 1336 27 186 802 602 
96 1360 27 188 789 593 
97 1252 28 58 777 583 
98 1248 26 150 768 577 
99 1232 26 137 784 589 
100 1284 25 203 798 600 
101 1289 26 162 732 550 
102 1311 27 179 730 549 
103 1367 27 215 721 542 
104 1310 28 109 753 566 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 1349 27 200 756 568 
106 1372 28 187 769 578 
107 1322 28 117 802 603 
108 1346 27 185 769 578 
109 1402 28 221 793 596 
110 1367 29 135 806 605 
111 1395 28 194 776 583 
112 1396 29 171 790 593 
113 1452 29 226 824 619 
114 1403 30 127 803 603 
115 1390 29 158 820 616 
116 1405 29 184 821 617 
117 1349 29 115 855 643 
118 1418 28 235 824 619 
119 1417 29 170 817 614 
120 1373 29 129 825 620 
121 1320 28 117 790 593 
122 1255 27 96 833 626 
123 1259 26 158 832 625 
124 1332 26 227 805 605 
125 1271 27 101 774 582 
126 1209 26 95 734 552 
127 1211 25 149 740 556 
128 1197 25 134 784 589 
129 1239 25 188 747 561 
130 1206 25 119 709 533 
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Figure 3k 
Initial Pop. Size (4 and older)= 1120 
Recruits= 181 SD (Recruitment Variability)= Low (25) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality = High (0.05) 
Ne/N = 0.7513 
Year Number #Harvested #at Age-1 #Age5+ Ne 
1 0 0 0 0 0 
2 151 0 151 0 0 
3 280 6 144 0 0 
4 461 11 214 0 0 
5 531 18 127 0 0 
6 607 21 147 85 64 
7 707 24 181 155 116 
8 750 28 137 253 190 
9 831 30 183 288 217 
10 862 33 143 329 247 
11 925 35 181 384 288 
12 1007 37 207 406 305 
13 1027 40 157 450 338 
14 1034 41 148 466 350 
15 1090 42 199 500 376 
16 1144 44 203 545 409 
17 1133 46 145 554 417 
18 1121 46 145 557 419 
19 1152 45 186 589 443 
20 1191 46 197 618 464 
21 1213 48 185 610 459 
22 1194 49 148 604 454 
23 1202 48 174 622 467 
24 1211 48 175 643 483 
25 1206 49 163 655 492 
26 1217 49 177 643 483 
27 1208 49 159 648 487 
28 1202 49 161 653 490 
29 1199 48 163 650 488 
30 1236 48 203 656 493 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
31 1220 50 153 651 489 
32 1190 49 141 646 486 
33 1160 48 137 643 483 
34 1192 47 195 663 498 
35 1183 48 156 652 490 
36 1180 48 162 636 478 
37 1171 47 157 619 465 
38 1158 47 150 639 480 
39 1166 47 170 632 475 
40 1176 47 172 631 474 
41 1211 47 199 626 470 
42 1193 49 150 618 465 
43 1210 48 184 623 468 
44 1186 49 144 629 472 
45 1194 48 175 648 487 
46 1161 48 134 637 479 
47 1121 47 123 647 486 
48 1116 45 153 633 476 
49 1096 45 136 638 480 
50 1108 44 167 620 466 
51 1107 45 153 598 449 
52 1144 45 192 596 448 
53 1146 46 160 585 439 
54 1143 46 157 593 445 
55 1156 46 173 592 444 
56 1126 47 131 612 460 
57 1173 45 205 613 460 
58 1182 47 171 611 459 
59 1170 48 152 618 465 
60 1116 47 110 601 452 
61 1168 45 210 628 472 
62 1120 47 113 633 475 
63 1095 45 132 626 470 
64 1111 44 171 595 447 
65 1127 45 170 626 470 
66 1143 45 173 598 449 
67 1143 46 158 584 439 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 1125 46 141 595 447 
69 1060 45 93 603 453 
70 1046 43 137 612 460 
71 1029 42 131 611 459 
72 1036 41 151 601 451 
73 1024 42 132 564 424 
74 1042 41 161 558 419 
75 1069 42 172 549 413 
76 1104 43 184 554 416 
77 1127 44 175 547 411 
78 1143 45 173 557 419 
79 1153 46 168 573 430 
80 1154 46 162 592 445 
81 1196 46 203 603 453 
82 1204 48 174 612 459 
83 1168 48 131 616 463 
84 1116 47 113 617 464 
85 1101 45 143 640 481 
86 1063 44 116 645 484 
87 1039 43 126 623 468 
88 1066 42 174 595 447 
89 1086 43 167 588 442 
90 1080 44 144 567 426 
91 1118 43 190 554 416 
92 1079 45 115 571 429 
93 1080 44 152 582 437 
94 1056 43 127 577 434 
95 1064 43 157 599 450 
96 1042 43 127 576 433 
97 1047 42 151 577 433 
98 1060 42 158 563 423 
99 1057 43 144 569 428 
100 1067 43 158 557 419 
101 1063 43 145 561 421 
102 1051 43 136 567 426 
103 1087 42 184 565 425 
104 1093 44 156 571 429 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 1124 44 184 568 427 
106 1159 45 191 561 421 
107 1194 47 195 582 437 
108 1181 48 152 584 439 
109 1165 48 149 601 452 
110 1177 47 176 620 466 
111 1121 47 108 639 480 
112 1134 45 172 631 474 
113 1131 46 154 622 468 
114 1120 46 147 630 473 
115 1141 45 178 599 450 
116 1166 46 183 608 457 
117 1182 47 177 605 455 
118 1181 48 164 599 450 
119 1187 48 170 611 459 
120 1193 48 172 625 469 
121 1152 48 125 632 475 
122 1171 46 181 632 475 
123 1147 47 139 635 477 
124 1157 46 170 639 480 
125 1169 47 174 616 463 
126 1210 47 203 627 471 
127 1182 49 139 613 461 
128 1201 48 185 619 465 
129 1188 48 153 626 470 
130 1170 48 149 649 487 
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Figure 31 
Initial Pop. Size ( 4 and older) = 1120 
Recruits= 181 SD (Recruitment Variability)= Low (25) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality = High (0.05) 
Ne/N = 0.7513 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 212 0 212 0 0 
3 358 8 167 0 0 
4 433 14 119 0 0 
5 475 17 99 0 0 
6 578 19 167 120 90 
7 629 23 127 197 148 
8 769 25 225 235 177 
9 858 31 190 257 193 
10 907 34 164 314 236 
11 892 36 109 340 256 
12 917 36 149 418 314 
13 924 37 133 465 349 
14 936 37 140 490 368 
15 963 38 156 481 361 
16 1050 39 219 495 372 
17 1107 42 199 498 374 
18 1120 45 164 505 379 
19 1129 45 163 520 391 
20 1094 45 122 568 427 
21 1063 44 122 598 449 
22 1010 43 95 604 454 
23 1008 41 140 609 457 
24 999 41 131 589 443 
25 1004 40 143 572 430 
26 1024 40 158 543 408 
27 1066 41 183 543 408 
28 1064 43 144 538 404 
29 1045 43 128 541 407 
30 987 42 87 552 415 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 1029 40 181 575 432 
32 1080 41 194 571 429 
33 1088 43 158 559 420 
34 1053 44 115 526 395 
35 1005 42 100 551 414 
36 1085 41 222 579 435 
37 1045 44 108 583 438 
38 1049 42 152 561 422 
39 963 42 61 535 402 
40 1019 39 194 581 437 
41 1015 41 136 557 418 
42 1093 41 220 561 421 
43 1150 44 207 513 385 
44 1151 46 158 546 411 
45 1157 46 167 543 408 
46 1121 47 126 586 440 
47 1165 45 202 616 463 
48 1196 47 193 615 462 
49 1214 48 184 618 464 
50 1187 49 141 599 450 
51 1163 48 142 625 469 
52 1155 47 155 642 482 
53 1133 47 139 651 489 
54 1157 46 183 636 477 
55 1074 47 77 622 468 
56 1036 43 115 618 464 
57 1169 42 280 605 455 
58 1131 47 120 619 465 
59 1165 46 193 572 430 
60 1187 47 183 553 416 
61 1191 48 169 630 473 
62 1253 48 228 604 454 
63 1287 50 206 624 469 
64 1312 52 203 636 478 
65 1334 53 203 638 479 
66 1328 54 180 672 505 
67 1297 54 154 690 519 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 1302 52 186 704 529 
69 1326 52 204 716 538 
70 1361 53 220 712 535 
71 1335 55 162 694 522 
72 1306 54 158 697 523 
73 1281 53 158 709 533 
74 1268 52 167 729 548 
75 1277 51 186 713 536 
76 1270 51 171 698 525 
77 1322 51 230 685 514 
78 1294 53 155 678 509 
79 1284 52 171 683 513 
80 1198 52 94 679 510 
81 1186 48 158 709 533 
82 1182 48 162 692 520 
83 1118 48 101 687 516 
84 1161 45 202 639 480 
85 1116 47 114 635 477 
86 1236 45 277 633 476 
87 1179 49 113 596 448 
88 1199 48 185 622 467 
89 1135 48 104 595 447 
90 1157 46 183 663 498 
91 1166 47 169 629 473 
92 1148 47 146 641 481 
93 1119 46 131 604 454 
94 1071 45 110 618 464 
95 1121 43 203 622 467 
96 1124 45 158 613 460 
97 1080 45 113 597 448 
98 1140 44 212 570 428 
99 1135 46 153 600 451 
100 1183 46 206 600 451 
101 1232 48 212 575 432 
102 1237 50 176 610 458 
103 1302 50 237 607 456 
104 1243 52 121 634 476 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 1202 50 134 660 496 
106 1195 48 163 662 497 
107 1202 48 175 698 524 
108 1152 48 117 663 498 
109 1164 46 175 641 482 
110 1178 47 176 639 480 
111 1241 47 227 644 484 
112 1223 50 153 615 462 
113 1141 49 88 624 469 
114 1146 46 167 630 474 
115 1103 46 117 666 500 
116 1136 44 190 653 491 
117 1073 46 94 607 456 
118 1084 43 163 612 460 
119 1102 44 169 589 442 
120 1059 44 110 609 457 
121 1082 43 173 572 430 
122 1114 44 182 580 435 
123 1144 45 185 590 443 
124 1168 46 182 565 425 
125 1163 47 158 579 435 
126 1093 47 92 596 448 
127 1075 44 137 613 461 
128 1083 43 159 625 470 
129 1053 44 122 622 467 
130 1049 42 144 582 437 
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Figure 4a 
Initial Pop. Size (4 and older)= 600 
Recruits= 46 SD (Recruitment Variability)= Low (25) 
Natural Mortality= Current (0.0451) 
Angler Mortality= None (0) 
Ne/N = 0.6638 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 26 0 26 0 0 
3 97 0 73 0 0 
4 184 0 91 0 0 
5 227 0 52 0 0 
6 246 0 30 21 14 
7 253 0 18 81 54 
8 323 0 81 153 101 
9 345 0 36 189 125 
10 365 0 36 205 136 
11 380 0 31 211 140 
12 446 0 84 269 178 
13 483 0 56 287 190 
14 484 0 23 304 202 
15 515 0 53 316 209 
16 540 0 48 371 246 
17 534 0 18 401 266 
18 530 0 20 402 267 
19 535 0 30 429 284 
20 563 0 52 449 298 
21 551 0 13 444 295 
22 583 0 57 440 292 
23 573 0 16 445 295 
24 598 0 51 468 311 
25 634 0 63 458 304 
26 659 0 53 485 322 
27 699 0 70 477 316 
28 728 0 60 497 330 
29 768 0 74 527 350 
30 760 0 27 548 364 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 727 0 1 581 386 
32 762 0 74 598 397 
33 741 0 32 614 408 
34 759 0 74 586 389 
35 766 0 54 548 364 
36 755 0 32 577 383 
37 763 0 46 573 380 
38 729 0 21 588 390 
39 733 0 46 598 397 
40 708 0 17 588 390 
41 747 0 78 592 393 
42 738 0 46 562 373 
43 756 0 66 560 372 
44 797 0 80 543 361 
45 807 0 60 571 379 
46 837 0 78 571 379 
47 816 0 21 596 395 
48 815 0 41 630 418 
49 813 0 42 645 428 
50 816 0 53 668 443 
51 814 0 38 652 433 
52 799 0 36 642 426 
53 810 0 51 644 427 
54 819 0 58 646 429 
55 799 0 32 633 420 
56 785 0 35 621 412 
57 780 0 49 618 410 
58 735 0 5 623 414 
59 697 0 13 604 401 
60 662 0 4 599 398 
61 700 0 68 612 406 
62 650 0 0 570 378 
63 652 0 39 548 363 
64 686 0 82 508 337 
65 718 0 76 527 350 
66 702 0 25 496 329 
67 684 0 25 494 328 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 668 0 20 535 355 
69 686 0 59 563 374 
70 702 0 52 554 368 
71 687 0 36 530 352 
72 657 0 12 511 339 
73 682 0 71 521 346 
74 681 0 51 520 345 
75 713 0 77 512 340 
76 688 0 27 480 318 
77 678 0 27 511 339 
78 692 0 54 520 345 
79 691 0 41 550 365 
80 694 0 47 535 355 
81 739 0 86 523 347 
82 738 0 42 536 356 
83 741 0 49 533 354 
84 714 0 21 533 354 
85 676 0 2 573 380 
86 696 0 60 573 380 
87 708 0 55 575 382 
88 725 0 50 566 375 
89 709 0 20 538 357 
90 733 0 57 563 374 
91 713 0 30 567 376 
92 704 0 24 583 387 
93 710 0 47 563 374 
94 711 0 53 565 375 
95 706 0 47 545 362 
96 688 0 20 534 354 
97 710 0 59 543 360 
98 720 0 47 558 370 
99 692 0 19 556 369 
100 690 0 42 535 355 
101 666 0 16 551 366 
102 656 0 24 562 373 
103 667 0 58 535 355 
104 680 0 55 533 354 
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Year Number #Harvested #at Age-1 #Age5 + Ne 
105 678 0 48 503 334 
106 640 0 0 494 328 
107 656 0 52 513 341 
108 655 0 42 522 347 
109 635 0 20 528 351 
110 648 0 53 493 327 
111 680 0 82 492 326 
112 667 0 29 494 328 
113 646 0 21 476 316 
114 660 0 49 494 328 
115 700 0 70 539 358 
116 726 0 73 524 348 
117 720 0 41 504 334 
118 755 0 80 509 338 
119 756 0 40 539 358 
120 743 0 35 561 372 
121 737 0 34 562 373 
122 746 0 49 598 397 
123 788 0 87 592 393 
124 753 0 14 582 386 
125 762 0 54 572 380 
126 794 0 72 582 386 
127 789 0 46 613 407 
128 798 0 56 586 389 
129 821 0 63 600 398 
130 839 0 66 622 413 
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Figure 4b 
Initial Pop. Size (4 and older)= 600 
Recruits = 46 SD (Recruitment Variability) = High ( 45) 
Natural Mortality= Current (0.0451) 
Angler Mortality= None (0) 
Ne/N = 0.6638 
Year Number #Harvested #at Age-1 #Ages+ Ne 
1 0 0 0 0 0 
2 0 0 0 0 0 
3 38 0 38 0 0 
4 36 0 0 0 0 
5 190 0 156 0 0 
6 273 0 91 0 0 
7 288 0 28 32 21 
8 287 0 12 30 20 
9 311 0 36 158 105 
10 297 0 0 227 150 
11 341 0 57 239 159 
12 366 0 41 239 159 
13 411 0 61 258 171 
14 456 0 64 247 164 
15 504 0 68 283 188 
16 481 0 0 305 202 
17 505 0 46 342 227 
18 596 0 114 379 252 
19 701 0 132 419 278 
20 669 0 0 400 265 
21 639 0 0 420 279 
22 697 0 87 495 329 
23 693 0 28 583 387 
24 727 0 65 556 369 
25 767 0 73 531 353 
26 732 0 0 580 385 
27 778 0 79 576 383 
28 821 0 77 604 401 
29 843 0 59 638 423 
30 865 0 60 609 404 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 849 0 23 647 430 
32 882 0 72 682 453 
33 914 0 81 691 459 
34 912 0 39 710 471 
35 832 0 0 658 437 
36 826 0 54 665 442 
37 830 0 48 696 462 
38 836 0 47 694 461 
39 807 0 18 653 434 
40 805 0 34 669 444 
41 755 0 0 664 441 
42 710 0 0 663 440 
43 736 0 74 633 420 
44 687 0 0 617 410 
45 645 0 6 572 380 
46 664 0 48 546 363 
47 698 0 75 571 379 
48 642 0 5 517 343 
49 603 0 23 466 309 
50 607 0 31 484 321 
51 681 0 101 525 349 
52 643 0 15 484 321 
53 615 0 8 474 315 
54 571 0 0 462 306 
55 646 0 118 507 336 
56 643 0 27 497 330 
57 661 0 67 461 306 
58 709 0 97 421 279 
59 698 0 35 485 322 
60 791 0 139 471 312 
61 889 0 139 499 331 
62 914 0 83 540 358 
63 890 0 37 524 348 
64 840 0 0 607 403 
65 925 0 123 695 462 
66 926 0 56 720 478 
67 908 0 35 706 469 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 900 0 45 663 440 
69 855 0 0 731 485 
70 811 0 4 736 488 
71 775 0 0 732 486 
72 791 0 52 736 489 
73 795 0 58 685 454 
74 768 0 9 657 436 
75 733 0 1 626 415 
76 689 0 1 629 417 
77 684 0 45 630 418 
78 761 0 109 607 403 
79 752 0 32 575 382 
80 779 0 69 542 360 
81 719 0 0 530 352 
82 725 0 42 593 393 
83 690 0 0 590 392 
84 715 0 56 621 412 
85 653 0 0 563 374 
86 618 0 1 566 376 
87 592 0 18 524 348 
88 593 0 53 522 347 
89 558 0 0 490 325 
90 546 0 49 434 288 
91 543 0 56 394 262 
92 527 0 30 399 265 
93 561 0 67 372 247 
94 622 0 86 396 263 
95 604 0 41 394 261 
96 562 0 0 387 257 
97 564 0 35 416 276 
98 541 0 14 457 304 
99 543 0 26 471 313 
100 531 0 13 449 298 
101 507 0 0 458 304 
102 471 0 0 436 290 
103 533 0 98 423 281 
104 596 0 89 413 274 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 614 0 45 394 262 
106 642 0 56 376 250 
107 646 0 44 430 285 
108 638 0 49 457 303 
109 701 0 99 466 309 
110 652 0 0 475 315 
111 623 0 0 490 325 
112 586 0 2 498 330 
113 597 0 37 558 370 
114 566 0 11 518 344 
115 612 0 72 495 329 
116 644 0 59 474 315 
117 610 0 0 479 318 
118 661 0 92 453 301 
119 680 0 49 492 327 
120 692 0 55 507 337 
121 677 0 30 470 312 
122 758 0 119 518 344 
123 744 0 36 518 344 
124 771 0 82 519 345 
125 726 0 0 510 339 
126 777 0 84 586 389 
127 752 0 19 581 386 
128 755 0 40 620 411 
129 728 0 13 585 388 
130 730 0 38 625 415 
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Figure 4c 
Initial Pop. Size (4 and older)= 600 
Recruits= 46 SD (Recruitment Variability)= High (45) 
Natural Mortality= Current (0.0451) 
Angler Mortality = Low (0.025) 
Ne/N = 0.6638 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 0 0 0 0 0 
3 49 0 49 0 0 
4 110 1 63 0 0 
5 131 2 28 0 0 
6 169 3 46 0 0 
7 210 4 52 38 25 
8 239 5 42 84 56 
9 240 5 16 99 66 
10 259 5 35 128 85 
11 279 6 37 159 105 
12 283 6 22 180 120 
13 298 6 34 181 120 
14 339 7 60 195 130 
15 360 8 43 211 140 
16 378 8 42 213 141 
17 426 9 73 225 149 
18 405 10 7 256 170 
19 397 9 20 271 180 
20 419 9 49 285 189 
21 439 9 48 322 213 
22 426 10 16 305 202 
23 464 10 67 299 198 
24 495 10 61 316 210 
25 505 11 42 331 220 
26 525 11 54 321 213 
27 517 12 27 350 233 
28 495 12 12 373 248 
29 489 11 28 380 252 
30 513 11 57 396 263 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 514 12 35 389 258 
32 532 12 53 372 247 
33 541 12 50 362 240 
34 524 12 27 374 248 
35 582 12 96 372 247 
36 569 13 31 381 253 
37 563 13 38 387 257 
38 582 13 62 376 250 
39 579 13 38 423 280 
40 588 13 52 413 274 
41 582 13 38 409 272 
42 596 13 55 426 283 
43 610 13 58 422 280 
44 603 14 40 426 283 
45 595 14 38 421 279 
46 585 13 35 429 285 
47 627 13 90 436 289 
48 656 14 71 436 290 
49 655 15 45 433 288 
50 640 15 35 425 282 
51 661 14 70 459 305 
52 652 15 36 480 319 
53 613 15 13 474 314 
54 655 14 92 461 306 
55 637 15 30 478 317 
56 636 14 49 466 310 
57 642 14 52 441 293 
58 667 14 70 480 319 
59 687 15 68 467 310 
60 665 15 31 465 309 
61 643 15 27 469 311 
62 625 14 32 484 321 
63 645 14 68 497 330 
64 652 14 53 483 321 
65 627 14 30 459 304 
66 642 14 61 448 298 
67 618 14 24 465 309 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 596 14 27 467 310 
69 598 13 48 453 301 
70 585 13 32 463 307 
71 586 13 46 445 295 
72 589 13 49 428 284 
73 602 13 59 428 284 
74 572 13 15 419 278 
75 537 13 9 421 279 
76 518 12 22 425 282 
77 493 11 21 431 286 
78 499 11 48 404 268 
79 509 11 49 378 251 
80 558 11 87 364 242 
81 574 12 61 347 230 
82 601 13 69 356 236 
83 597 14 37 367 244 
84 584 13 38 398 264 
85 595 13 54 414 275 
86 598 13 48 433 287 
87 566 13 14 426 282 
88 565 13 47 417 277 
89 562 13 43 422 280 
90 608 13 87 426 283 
91 629 14 64 405 269 
92 603 14 19 409 272 
93 624 13 71 406 269 
94 620 14 44 439 291 
95 618 14 43 454 302 
96 598 14 29 430 286 
97 581 13 27 452 300 
98 575 13 36 452 300 
99 566 13 35 448 297 
100 571 13 47 435 289 
101 590 13 63 421 279 
102 615 13 70 414 275 
103 616 14 49 405 269 
104 573 14 0 412 273 
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Year Number #Harvested #at Age-1 #Age5 + Ne 
105 630 13 97 431 286 
106 651 14 65 452 300 
107 628 15 23 456 303 
108 607 14 28 419 278 
109 648 14 88 460 305 
110 651 14 56 468 310 
111 606 15 6 446 296 
112 633 14 76 428 284 
113 647 14 60 462 307 
114 657 15 58 469 311 
115 662 15 55 434 288 
116 663 15 51 458 304 
117 659 15 42 471 313 
118 669 15 60 478 317 
119 711 15 92 482 320 
120 678 16 24 478 317 
121 686 15 62 470 312 
122 690 15 52 481 320 
123 662 15 27 511 339 
124 612 15 1 488 324 
125 621 14 56 498 330 
126 595 14 18 500 332 
127 609 13 58 483 320 
128 652 14 88 446 296 
129 674 15 69 454 301 
130 700 15 76 431 286 
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Figure 4d 
Initial Pop. Size (4 and older)= 600 
Recruits= 46 SD (Recruitment Variability)= High (45) 
Natural Mortality= Current (0.0451) 
Angler Mortality = Low (0.025) 
NefN = 0.6638 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 69 0 69 0 0 
3 66 1 0 0 0 
4 181 2 119 0 0 
5 171 4 0 0 0 
6 273 4 114 53 35 
7 257 6 0 49 33 
8 295 6 55 138 92 
9 420 7 144 129 85 
10 395 9 0 208 138 
11 395 9 27 193 128 
12 430 9 62 223 148 
13 468 10 66 319 212 
14 437 11 0 297 197 
15 438 10 31 297 197 
16 500 10 92 324 215 
17 538 11 71 353 234 
18 588 12 85 329 218 
19 599 13 50 330 219 
20 583 14 24 378 2.51 
21 600 13 56 406 270 
22 560 14 0 444 295 
23 572 13 51 452 300 
24 534 13 0 439 291 
25 582 12 85 452 300 
26 569 13 25 421 279 
27 625 13 95 431 286 
28 669 14 85 401 266 
29 650 15 25 439 292 
30 650 15 44 428 284 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 637 15 31 472 313 
32 592 14 7 496 330 
33 551 13 0 481 320 
34 596 12 97 468 310 
35 604 13 47 459 305 
36 605 13 54 419 278 
37 610 14 46 390 259 
38 592 14 30 432 287 
39 552 13 17 421 279 
40 614 13 99 434 288 
41 602 14 32 436 289 
42 605 13 51 421 280 
43 697 13 140 398 264 
44 703 16 51 447 297 
45 772 16 119 437 290 
46 807 17 96 435 289 
47 862 18 117 505 335 
48 897 19 102 499 331 
49 926 20 94 551 365 
50 861 21 0 584 388 
51 896 19 100 627 416 
52 948 20 112 663 440 
53 982 21 103 683 454 
54 956 22 38 636 422 
55 924 21 43 659 438 
56 914 21 56 697 463 
57 902 20 61 717 476 
58 865 20 33 687 456 
59 851 20 48 670 445 
60 840 19 52 662 439 
61 883 19 103 660 438 
62 945 20 121 639 424 
63 905 21 22 632 420 
64 831 20 0 617 409 
65 817 19 49 648 430 
66 777 18 22 691 458 
67 794 18 75 654 434 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 838 18 100 606 402 
69 840 19 59 600 398 
70 800 19 29 563 374 
71 742 18 0 579 384 
72 691 17 6 610 405 
73 705 15 78 597 396 
74 671 16 19 572 380 
75 667 15 56 518 344 
76 659 15 48 475 315 
77 691 15 91 489 324 
78 696 15 63 458 304 
79 740 15 101 458 304 
80 692 17 0 463 308 
81 649 15 17 490 325 
82 593 14 2 491 326 
83 606 13 66 523 347 
84 626 14 65 482 320 
85 624 14 45 457 303 
86 578 14 3 420 279 
87 598 13 67 435 289 
88 619 13 65 451 299 
89 660 14 87 449 298 
90 701 15 91 414 275 
91 651 15 9 424 282 
92 657 14 65 431 286 
93 668 15 57 466 309 
94 747 15 124 503 334 
95 715 17 22 470 312 
96 664 16 0 485 322 
97 681 15 72 486 323 
98 639 15 15 537 356 
99 599 14 11 510 338 
100 732 14 177 471 313 
101 776 16 91 494 328 
102 778 17 53 471 313 
103 796 17 79 438 291 
104 740 18 0 542 360 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 708 17 26 568 377 
106 696 16 42 564 374 
107 699 16 60 575 382 
108 712 16 68 528 351 
109 693 16 40 499 332 
110 651 16 5 497 330 
111 636 15 32 508 337 
112 614 14 22 525 348 
113 565 14 0 512 340 
114 609 13 91 472 313 
115 600 14 36 459 304 
116 607 14 48 444 294 
117 605 14 47 405 269 
118 649 13 93 439 292 
119 602 14 6 426 283 
120 554 13 4 423 281 
121 554 13 39 429 285 
122 540 12 32 463 307 
123 509 12 12 429 285 
124 464 11 5 387 257 
125 430 10 0 388 258 
126 460 10 60 386 256 
127 438 10 16 360 239 
128 421 10 15 337 224 
129 445 10 53 312 207 
130 455 10 61 316 210 
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Figure 4e 
Initial Pop. Size (4 and older)= 600 
Recruits= 46 SD (Recruitment Variability)= Low (25) 
Natural Mortality= Current (0.0451) 
Angler Mortality = High (0.05) 
NelN = 0.6638 
Year Number #Harvested #at Age-1 #Ages+ Ne 
1 0 0 0 0 0 
2 44 0 44 0 0 
3 110 2 68 0 0 
4 150 5 47 0 0 
5 169 7 31 0 0 
6 208 7 53 31 21 
7 266 9 74 77 51 
8 301 12 55 103 69 
9 353 13 77 116 77 
10 341 15 17 143 95 
11 341 15 31 183 122 
12 332 15 21 206 137 
13 339 15 36 242 161 
14 380 15 71 232 154 
15 431 17 83 232 154 
16 416 19 20 226 150 
17 431 18 53 231 153 
18 437 19 44 260 173 
19 399 19 0 296 196 
20 386 18 24 282 187 
21 387 17 35 294 195 
22 366 17 13 298 198 
23 374 16 41 270 179 
24 397 16 56 262 174 
25 393 18 30 263 175 
26 418 17 60 248 165 
27 383 18 0 255 169 
28 371 17 24 272 180 
29 402 16 64 268 178 
30 416 18 49 286 190 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 424 18 44 259 172 
32 414 19 30 250 166 
33 398 18 25 269 178 
34 405 17 45 276 183 
35 414 18 46 280 186 
36 398 18 23 272 181 
37 421 17 63 260 173 
38 384 18 3 265 176 
39 408 17 63 269 179 
40 442 18 70 260 172 
41 448 19 46 279 185 
42 423 20 15 254 168 
43 415 19 32 273 181 
44 448 18 74 294 195 
45 479 19 74 295 196 
46 474 21 37 277 184 
47 432 21 3 272 180 
48 456 19 66 297 197 
49 438 20 21 322 214 
50 440 19 43 317 211 
51 445 19 46 288 191 
52 429 20 24 308 204 
53 433 19 45 292 194 
54 454 19 62 292 194 
55 444 20 31 296 197 
56 472 19 71 282 187 
57 485 21 53 288 191 
58 472 21 31 305 202 
59 441 21 15 295 196 
60 420 19 21 315 209 
61 410 18 31 322 214 
62 389 18 17 312 207 
63 422 17 70 293 194 
64 456 18 73 278 184 
65 450 20 35 271 180 
66 485 20 75 257 171 
67 489 21 49 280 186 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 532 22 86 306 203 
69 518 23 35 299 198 
70 488 23 20 321 213 
71 513 21 72 324 215 
72 479 23 11 354 235 
73 515 21 82 345 229 
74 500 22 32 323 214 
75 505 22 54 340 226 
76 483 22 24 314 208 
77 487 21 48 344 228 
78 462 21 22 331 220 
79 486 20 66 338 224 
80 490 21 49 321 213 
81 444 22 0 323 215 
82 457 20 55 308 204 
83 440 20 25 324 215 
84 439 19 42 325 216 
85 482 19 83 293 195 
86 484 21 47 302 200 
87 511 21 73 288 191 
88 496 22 31 290 192 
89 481 22 30 322 213 
90 496 21 60 324 215 
91 503 22 52 344 229 
92 557 22 98 333 221 
93 571 24 65 320 212 
94 595 25 78 329 218 
95 616 26 74 333 221 
96 611 27 53 368 245 
97 613 27 59 378 251 
98 617 27 63 394 262 
99 615 27 53 408 271 
100 593 27 33 407 270 
101 558 26 22 407 270 
102 517 25 11 414 275 
103 529 23 64 409 272 
104 564 23 83 393 261 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 536 25 23 370 245 
106 501 24 15 341 227 
107 472 22 19 353 234 
108 463 21 35 378 251 
109 445 20 27 356 236 
110 455 20 53 331 220 
111 448 20 32 314 208 
112 432 20 27 307 204 
113 450 19 58 296 197 
114 464 20 55 304 202 
115 485 20 66 294 195 
116 490 21 50 283 188 
117 484 21 41 295 196 
118 509 21 69 305 203 
119 520 22 57 322 214 
120 540 23 69 325 216 
121 533 24 42 321 213 
122 525 23 45 335 222 
123 491 23 16 341 226 
124 517 22 75 354 235 
125 498 23 29 347 231 
126 526 22 76 344 228 
127 536 23 58 321 213 
128 521 23 35 341 226 
129 498 23 26 327 217 
130 516 22 65 350 232 
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Figure 4f 
Initial Pop. Size (4 and older)= 600 
Recruits= 46 SD (Recruitment Variability)= High (45) 
Natural Mortality= Current (0.0451) 
Angler Mortality = High (0.05) 
Ne/N = 0.6638 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 36 0 36 0 0 
3 74 2 39 0 0 
4 139 3 70 0 0 
5 185 6 55 0 0 
6 243 8 73 26 17 
7 224 11 0 52 34 
8 204 10 0 97 64 
9 246 9 61 127 85 
10 236 11 11 168 111 
11 255 10 40 152 101 
12 328 11 95 138 92 
13 302 14 0 169 112 
14 275 13 0 161 107 
15 265 12 15 175 116 
16 306 12 65 226 150 
17 354 13 74 205 136 
18 448 16 123 186 124 
19 469 20 56 180 119 
20 493 21 64 210 139 
21 531 22 81 243 161 
22 555 23 69 309 205 
23 507 24 0 320 213 
24 577 23 117 336 223 
25 536 25 8 363 241 
26 531 24 44 379 251 
27 541 23 56 344 228 
28 541 24 48 395 262 
29 537 24 44 364 242 
30 568 24 78 362 240 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 575 25 56 368 245 
32 550 25 27 366 243 
33 498 24 0 362 240 
34 541 22 93 380 252 
35 623 24 132 382 254 
36 688 27 120 362 240 
37 697 30 66 328 218 
38 692 31 56 364 242 
39 627 30 0 421 280 
40 569 28 0 468 310 
41 555 25 41 469 311 
42 520 24 20 461 306 
43 483 23 11 418 277 
44 469 21 31 379 252 
45 497 21 71 372 247 
46 451 22 0 348 231 
47 463 20 58 319 212 
48 492 20 75 305 202 
49 546 21 99 324 215 
50 513 24 16 290 193 
51 481 23 19 300 199 
52 445 21 11 323 214 
53 437 20 32 364 241 
54 489 19 98 335 222 
55 454 21 6 317 210 
56 424 20 13 293 195 
57 408 19 27 286 190 
58 455 18 86 327 217 
59 447 20 32 299 198 
60 406 20 3 276 183 
61 365 18 0 266 177 
62 383 16 53 302 200 
63 350 17 0 297 197 
64 324 15 11 266 177 
65 393 14 106 234 155 
66 398 17 43 244 162 
67 454 17 95 217 144 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 496 20 82 202 134 
69 454 22 0 259 172 
70 457 20 45 266 177 
71 414 20 0 307 204 
72 375 18 0 336 223 
73 385 17 46 304 202 
74 441 17 91 306 203 
75 460 19 59 274 182 
76 513 20 93 248 165 
77 549 22 82 255 169 
78 498 24 0 292 194 
79 567 22 120 302 200 
80 520 25 1 339 225 
81 559 23 88 365 242 
82 538 25 28 331 220 
83 541 24 53 384 255 
84 566 24 78 344 228 
85 529 25 12 374 249 
86 480 23 0 359 238 
87 434 21 0 362 240 
88 501 19 112 379 252 
89 574 22 117 351 233 
90 596 25 69 318 211 
91 588 26 44 289 192 
92 533 26 0 339 225 
93 488 24 5 391 259 
94 502 22 59 403 268 
95 452 22 0 391 260 
96 431 20 23 352 234 
97 430 19 44 318 211 
98 442 19 54 326 216 
99 496 20 92 296 196 
100 551 22 99 282 187 
101 569 24 64 287 191 
102 571 25 52 300 199 
103 587 25 69 335 222 
104 588 26 57 370 246 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 611 26 77 378 251 
106 553 27 0 375 249 
107 570 24 73 384 255 
108 530 25 10 390 259 
109 492 23 17 402 267 
110 544 22 97 365 242 
111 583 24 90 378 251 
112 576 26 44 348 231 
113 541 25 19 325 216 
114 492 24 5 360 239 
115 447 22 1 390 259 
116 496 20 91 386 256 
117 455 22 0 363 241 
118 407 20 0 327 217 
119 418 18 55 291 193 
120 437 18 59 325 215 
121 482 19 85 292 194 
122 451 21 10 265 176 
123 410 20 0 280 186 
124 406 18 38 293 194 
125 465 18 95 326 217 
126 461 20 35 302 200 
127 418 20 1 271 180 
128 420 18 43 270 179 
129 383 18 6 308 204 
130 355 17 12 299 198 
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Figure 4g 
Initial Pop. Size (4 and older)= 600 
Recruits= 97 SD (Recruitment Variability)= Low (25) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality = None (0) 
Ne/N = 0.7513 
Year Number #Harvested #at Age-1 #Ages+ Ne 
1 0 0 0 0 0 
2 99 0 99 0 0 
3 180 0 91 0 0 
4 274 0 112 0 0 
5 330 0 84 0 0 
6 367 0 70 65 49 
7 449 0 119 118 89 
8 502 0 97 180 135 
9 542 0 91 216 163 
10 563 0 75 241 181 
11 627 0 121 295 221 
12 600 0 36 329 247 
13 622 0 82 356 267 
14 655 0 95 369 277 
15 652 0 63 411 309 
16 668 0 81 394 296 
17 681 0 80 408 307 
18 727 0 114 429 323 
19 728 0 74 428 321 
20 732 0 77 438 329 
21 745 0 86 447 336 
22 742 0 71 477 359 
23 752 0 85 478 359 
24 729 0 52 480 361 
25 727 0 70 489 367 
26 728 0 74 487 366 
27 747 0 92 494 371 
28 792 0 120 478 359 
29 784 0 71 477 358 
30 802 0 97 477 359 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 819 0 96 490 368 
32 835 0 103 515 387 
33 836 0 88 507 381 
34 818 0 70 515 387 
35 840 0 108 523 393 
36 816 0 63 535 402 
37 786 0 56 534 401 
38 792 0 89 523 393 
39 789 0 80 538 404 
40 781 0 74 522 392 
41 784 0 86 501 377 
42 775 0 71 508 382 
43 757 0 63 506 380 
44 776 0 99 500 376 
45 793 0 97 504 379 
46 790 0 79 497 373 
47 769 0 62 485 365 
48 784 0 96 497 373 
49 741 0 39 508 381 
50 748 0 85 506 ' 380 
51 744 0 74 492 370 
52 731 0 65 503 378 
53 765 0 111 475 357 
54 751 0 65 480 361 
55 760 0 87 478 359 
56 707 0 26 469 353 
57 697 0 64 491 369 
58 712 0 90 480 360 
59 720 0 83 486 365 
60 747 0 103 450 338 
61 785 0 117 443 333 
62 778 0 76 454 341 
63 801 0 104 459 345 
64 822 0 104 477 359 
65 828 0 93 502 377 
66 860 0 117 498 374 
67 871 0 100 515 387 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 872 0 92 528 397 
69 839 0 58 533 400 
70 861 0 109 553 415 
71 857 0 86 560 420 
72 867 0 99 561 421 
73 891 0 113 540 406 
74 866 0 68 553 416 
75 866 0 91 550 413 
76 860 0 84 556 418 
77 856 0 85 573 430 
78 850 0 84 556 418 
79 836 0 73 558 420 
80 832 0 83 554 416 
81 796 0 50 551 414 
82 796 0 83 548 412 
83 808 0 96 536 403 
84 814 0 89 534 401 
85 808 0 79 510 383 
86 797 0 71 512 385 
87 802 0 87 522 392 
88 824 0 106 524 394 
89 836 0 98 520 391 
90 847 0 98 510 383 
91 833 0 77 512 384 
92 836 0 89 527 396 
93 827 0 79 534 401 
94 862 0 122 541 406 
95 855 0 83 533 400 
96 809 0 44 533 401 
97 805 0 81 528 396 
98 822 0 102 551 414 
99 851 0 113 548 412 
100 857 0 96 518 389 
101 862 0 94 515 387 
102 840 0 69 526 395 
103 856 0 104 543 408 
104 840 0 72 549 413 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 861 0 109 552 415 
106 823 0 52 539 405 
107 836 0 99 550 413 
108 826 0 77 538 404 
109 844 0 104 553 415 
110 841 0 85 528 397 
111 847 0 93 538 404 
112 882 0 122 531 399 
113 869 0 79 542 408 
114 872 0 94 540 406 
115 879 0 98 543 408 
116 906 0 118 566 426 
117 861 0 50 558 419 
118 865 0 95 559 420 
119 852 0 77 563 423 
120 900 0 138 580 436 
121 923 0 116 551 414 
122 899 0 72 555 417 
123 828 0 23 547 411 
124 855 0 115 577 434 
125 857 0 91 592 445 
126 861 0 91 578 434 
127 848 0 77 532 399 
128 880 0 122 550 413 
129 882 0 95 550 413 
130 906 0 116 550 413 
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Figure 4h 
Initial Pop. Size ( 4 and older) = 600 
Recruits= 97 SD (Recruitment Variability)= High (45) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality =None (0) 
NefN = 0.7513 
Year Number #Harvested #at Age-1 #Age5 + Ne 
1 0 0 0 0 0 
2 113 0 113 0 0 
3 209 0 108 0 0 
4 188 0 0 0 0 
5 169 0 0 0 0 
6 321 0 168 74 55 
7 454 0 166 137 103 
8 461 0 52 124 93 
9 550 0 135 111 84 
10 563 0 68 211 158 
11 588 0 81 298 224 
12 638 0 109 303 227 
13 672 0 97 361 271 
14 636 0 32 370 278 
15 641 0 68 386 290 
16 630 0 53 419 315 
17 709 0 142 441 331 
18 733 0 95 417 313 
19 813 0 153 420 316 
20 809 0 77 413 310 
21 825 0 97 465 349 
22 848 0 105 481 362 
23 863 0 100 533 401 
24 825 0 48 531 399 
25 848 0 106 542 407 
26 922 0 158 557 418 
27 956 0 126 566 426 
28 966 0 106 541 406 
29 980 0 110 557 418 
30 1005 0 123 605 454 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
31 952 0 48 627 471 
32 939 0 87 629 473 
33 843 0 2 634 476 
34 789 0 31 651 489 
35 767 0 57 618 464 
36 758 0 75 606 455 
37 728 0 53 539 405 
38 742 0 89 503 378 
39 810 0 148 485 364 
40 811 0 85 482 362 
41 788 0 62 465 350 
42 813 0 108 473 355 
43 737 0 10 518 389 
44 730 0 68 520 391 
45 701 0 47 506 380 
46 725 0 97 524 394 
47 714 0 68 472 355 
48 751 0 112 465 350 
49 684 0 15 443 333 
50 680 0 68 459 345 
51 722 0 114 453 341 
52 763 0 117 477 358 
53 708 0 26 435 327 
54 806 0 171 434 326 
55 888 0 167 461 346 
56 871 0 78 485 364 
57 823 0 45 448 337 
58 780 0 44 511 384 
59 790 0 93 564 424 
60 739 0 32 554 416 
61 714 0 51 526 395 
62 750 0 111 499 375 
63 798 0 123 510 383 
64 822 0 105 479 360 
65 843 0 105 462 347 
66 803 0 48 485 365 
67 877 0 157 515 387 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 901 0 115 529 398 
69 929 0 124 539 405 
70 919 0 87 513 385 
71 873 0 48 562 422 
72 844 0 63 577 433 
73 800 0 41 600 451 
74 759 0 41 594 447 
75 751 0 70 564 424 
76 750 0 78 545 410 
77 825 0 153 515 387 
78 811 0 73 486 365 
79 783 0 54 483 363 
80 784 0 82 483 363 
81 858 0 158 530 398 
82 816 0 49 520 391 
83 900 0 167 502 377 
84 858 0 55 499 375 
85 818 0 53 545 409 
86 824 0 91 519 390 
87 818 0 78 574 432 
88 834 0 100 551 414 
89 846 0 99 527 396 
90 868 0 108 533 400 
91 822 0 43 528 397 
92 773 0 38 536 403 
93 768 0 77 543 408 
94 806 0 120 555 417 
95 830 0 109 523 393 
96 837 0 92 494 371 
97 819 0 73 488 367 
98 831 0 98 513 386 
99 877 0 135 528 397 
100 868 0 82 532 400 
101 846 0 68 524 394 
102 841 0 82 534 401 
103 808 0 53 567 426 
104 815 0 89 562 423 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
105 759 0 29 547 411 
106 801 0 122 543 408 
107 827 0 113 517 389 
108 832 0 91 521 391 
109 828 0 81 485 365 
110 814 0 73 513 385 
111 826 0 100 529 397 
112 876 0 134 534 401 
113 865 0 84 526 395 
114 848 0 72 519 390 
115 819 0 59 531 399 
116 792 0 59 562 422 
117 760 0 50 557 419 
118 686 0 6 544 409 
119 707 0 94 524 394 
120 727 0 95 506 380 
121 727 0 75 486 365 
122 727 0 74 440 331 
123 784 0 133 454 341 
124 763 0 62 466 350 
125 749 0 68 464 349 
126 743 0 73 462 347 
127 767 0 101 500 376 
128 747 0 61 487 366 
129 835 0 168 477 358 
130 880 0 132 473 356 
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Figure 4i 
Initial Pop. Size (4 and older)= 600 
Recruits= 97 SD (Recruitment Variability)= Low (25) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality = Low (0.025) 
Ne/N = 0.7513 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 94 0 94 0 0 
3 171 2 86 0 0 
4 221 3 69 0 0 
5 321 5 125 0 0 
6 374 6 89 57 43 
7 416 8 86 103 77 
8 446 9 79 132 99 
9 458 9 65 192 145 
10 480 9 77 223 168 
11 528 10 104 248 186 
12 566 11 101 266 200 
13 567 12 68 273 205 
14 608 12 109 286 215 
15 642 12 106 315 236 
16 669 13 103 338 254 
17 688 14 99 337 253 
18 673 14 67 362 272 
19 686 14 94 383 288 
20 722 14 118 398 299 
21 720 15 84 410 308 
22 726 15 92 400 301 
23 681 15 42 408 307 
24 702 14 103 430 323 
25 692 14 74 429 322 
26 692 14 83 432 325 
27 708 14 99 405 304 
28 684 15 60 418 314 
29 702 14 100 412 309 
30 679 14 61 412 309 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 662 14 65 422 317 
32 653 14 72 405 304 
33 696 13 123 414 311 
34 695 14 83 399 300 
35 664 14 54 388 291 
36 690 14 108 382 287 
37 727 14 121 409 307 
38 757 15 118 408 306 
39 734 16 68 389 292 
40 691 15 47 406 305 
41 688 14 82 427 321 
42 683 14 80 445 334 
43 703 14 103 431 324 
44 706 14 89 404 304 
45 745 15 125 403 302 
46 744 15 90 400 300 
47 711 15 58 411 309 
48 729 15 105 414 311 
49 687 15 47 438 329 
50 684 14 82 437 328 
51 707 14 106 416 313 
52 751 15 131 428 321 
53 759 15 97 403 303 
54 738 16 72 401 302 
55 755 15 107 416 312 
56 738 16 75 443 332 
57 736 15 88 446 335 
58 732 15 86 434 326 
59 748 15 105 444 333 
60 755 15 97 434 326 
61 745 16 82 433 325 
62 736 15 82 431 324 
63 711 15 66 440 330 
64 688 15 64 443 333 
65 669 14 65 438 329 
66 670 14 84 432 324 
67 670 14 83 417 313 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 655 14 67 402 302 
69 638 13 63 391 294 
70 664 13 104 393 295 
71 695 14 112 394 296 
72 662 14 51 385 289 
73 661 14 81 374 281 
74 618 14 38 389 292 
75 634 13 94 407 306 
76 656 13 99 387 290 
77 652 13 75 387 291 
78 668 13 96 361 271 
79 638 14 50 373 280 
80 620 13 61 386 290 
81 622 13 78 382 287 
82 621 13 76 391 294 
83 634 13 89 372 279 
84 661 13 104 362 272 
85 670 14 89 363 273 
86 663 14 75 363 273 
87 653 14 71 371 279 
88 653 13 80 388 291 
89 690 13 117 393 295 
90 706 14 100 388 291 
91 704 15 84 382 287 
92 712 14 94 382 287 
93 687 15 61 406 305 
94 739 14 136 416 312 
95 732 15 82 414 311 
96 750 15 107 419 315 
97 787 15 128 403 303 
98 790 16 98 435 327 
99 779 16 85 431 324 
100 794 16 111 441 331 
101 762 16 65 463 348 
102 742 16 73 465 349 
103 761 15 110 458 344 
104 746 16 76 468 352 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 742 15 88 449 337 
106 769 15 117 436 328 
107 800 16 124 448 337 
108 812 16 109 437 329 
109 791 17 77 436 328 
110 765 16 70 453 340 
111 754 16 83 472 354 
112 757 16 95 479 360 
113 725 16 60 465 349 
114 738 15 103 449 337 
115 765 15 117 442 332 
116 802 16 130 444 334 
117 811 16 105 425 319 
118 804 17 91 434 326 
119 826 17 122 450 338 
120 820 17 94 472 354 
121 807 17 87 476 358 
122 778 17 69 471 354 
123 762 16 79 487 366 
124 776 16 108 481 362 
125 780 16 98 474 356 
126 759 16 75 456 342 
127 766 16 101 446 335 
128 776 16 103 455 342 
129 807 16 126 457 344 
130 790 17 81 445 334 
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Figure 4j 
Initial Pop. Size (4 and older)= 600 
Recruits= 97 SD (Recruitment Variability)= High (45) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality = Low (0.025) 
NefN = 0.7513 
Year Number #Harvested #at Age-1 #Ages+ Ne 
1 0 0 0 0 0 
2 77 0 77 0 0 
3 158 1 88 0 0 
4 173 3 32 0 0 
5 285 4 132 0 0 
6 302 6 49 47 35 
7 288 6 22 95 71 
8 342 6 89 103 78 
9 445 7 143 171 129 
10 475 9 81 180 135 
11 506 10 86 171 129 
12 531 10 86 204 154 
13 605 11 137 267 200 
14 603 12 68 283 213 
15 650 12 120 301 226 
16 603 13 30 317 238 
17 624 13 94 361 271 
18 653 13 104 359 269 
19 657 13 81 388 291 
20 588 14 10 358 269 
21 677 12 161 371 279 
22 720 14 122 389 292 
23 780 15 146 391 294 
24 815 16 127 349 262 
25 820 17 102 404 304 
26 738 17 15 429 322 
27 716 15 68 465 350 
28 670 15 40 486 365 
29 724 14 135 488 367 
30 762 15 124 438 329 
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Year Number #Harvested #at Age-1 #Ages+ Ne 
31 695 16 23 426 320 
32 641 14 32 396 298 
33 649 13 87 428 322 
34 643 13 72 451 339 
35 650 13 87 407 306 
36 593 13 22 375 282 
37 601 12 80 382 287 
38 529 12 2 377 284 
39 551 11 89 382 287 
40 511 11 27 346 260 
41 547 11 100 351 264 
42 682 11 202 307 231 
43 721 14 121 321 241 
44 723 15 88 297 223 
45 725 15 91 319 240 
46 709 15 71 402 302 
47 822 15 200 425 319 
48 843 17 120 424 319 
49 840 17 99 426 320 
50 748 17 8 417 313 
51 678 15 24 484 364 
52 675 14 83 496 372 
53 597 14 5 492 370 
54 646 12 124 434 326 
55 691 13 123 394 296 
56 697 14 88 396 297 
57 722 14 110 349 262 
58 735 15 99 381 286 
59 668 15 23 407 306 
60 683 14 99 408 307 
61 670 14 68 425 319 
62 688 14 99 432 325 
63 695 14 91 392 294 
64 671 14 60 403 303 
65 648 14 59 393 296 
66 643 13 74 405 304 
67 714 13 149 409 307 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 787 15 157 396 297 
69 774 16 82 382 287 
70 737 16 56 379 285 
71 687 15 41 422 317 
72 717 14 117 462 347 
73 693 15 64 453 340 
74 727 14 119 429 323 
75 706 15 67 400 301 
76 758 15 139 421 316 
77 737 15 73 404 304 
78 715 15 68 425 319 
79 700 15 73 411 309 
80 797 14 182 445 335 
81 768 16 65 435 327 
82 765 16 91 421 317 
83 769 16 95 414 311 
84 814 16 140 472 354 
85 812 17 97 451 339 
86 767 17 53 449 338 
87 728 16 56 450 338 
88 783 15 145 478 359 
89 850 16 160 478 359 
90 772 17 24 450 338 
91 776 16 99 428 321 
92 762 16 81 461 347 
93 781 16 112 501 376 
94 743 16 57 453 340 
95 694 15 41 457 343 
96 720 14 112 449 337 
97 679 15 48 459 345 
98 662 14 68 434 326 
99 731 14 150 404 304 
100 723 15 79 422 317 
101 791 15 155 398 299 
102 822 16 127 389 292 
103 822 17 99 431 324 
104 826 17 104 424 319 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 846 17 120 465 350 
106 825 17 83 483 363 
107 846 17 122 483 363 
108 798 17 54 486 365 
109 822 17 122 498 374 
110 762 17 42 484 363 
111 718 16 50 497 373 
112 700 15 70 467 351 
113 635 14 22 482 362 
114 562 13 6 446 335 
115 588 12 97 420 315 
116 586 12 68 410 308 
117 536 12 22 372 279 
118 513 11 45 327 246 
119 602 11 154 343 258 
120 641 12 110 342 257 
121 647 13 84 311 234 
122 659 13 91 299 225 
123 626 14 48 354 266 
124 673 13 123 376 283 
125 698 14 105 380 286 
126 754 14 141 387 291 
127 758 15 95 368 276 
128 669 16 3 396 298 
129 719 14 135 409 307 
130 773 15 140 443 333 
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Figure 4k 
Initial Pop. Size (4 and older)= 600 
Recruits= 97 SD (Recruitment Variability)= Low (25) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality = High (0.05) 
Ne/N = 0.7513 
Year Number #Harvested #at Age-1 #Age5 + Ne 
1 0 0 0 0 0 
2 56 0 56 0 0 
3 166 2 116 0 0 
4 253 7 105 0 0 
5 283 10 61 0 0 
6 347 11 102 32 24 
7 332 14 31 93 70 
8 400 13 114 139 104 
9 417 16 70 153 115 
10 427 17 67 188 142 
11 445 17 77 178 134 
12 447 18 63 217 163 
13 461 18 76 225 169 
14 515 19 117 230 173 
15 492 21 46 240 180 
16 541 20 118 241 181 
17 547 22 79 249 187 
18 610 22 139 279 210 
19 607 24 78 264 199 
20 616 24 94 293 220 
21 580 25 49 295 222 
22 535 23 37 331 248 
23 548 22 88 327 246 
24 557 22 85 332 250 
25 555 22 75 312 234 
26 564 22 86 287 216 
27 581 23 95 296 222 
28 597 23 96 301 226 
29 587 24 71 299 225 
30 584 24 79 304 229 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 592 24 88 313 236 
32 558 24 49 322 242 
33 557 23 78 314 236 
34 560 22 81 313 235 
35 568 23 86 316 238 
36 591 23 103 297 223 
37 614 24 104 298 224 
38 624 25 95 299 225 
39 660 25 122 304 228 
40 617 27 48 317 238 
41 628 25 99 329 247 
42 622 25 81 334 251 
43 597 25 61 354 266 
44 616 24 104 329 247 
45 594 25 63 337 253 
46 571 24 61 333 250 
47 551 23 60 318 239 
48 607 22 134 329 247 
49 629 24 104 316 238 
50 670 25 129 304 229 
51 644 27 65 294 221 
52 652 26 98 327 245 
53 680 26 119 337 253 
54 699 27 113 360 271 
55 695 28 92 344 258 
56 680 28 82 349 262 
57 696 27 112 364 274 
58 705 28 105 375 282 
59 707 28 100 372 279 
60 687 28 78 363 273 
61 674 28 84 373 280 
62 646 27 67 378 284 
63 616 26 60 379 285 
64 651 25 122 367 276 
65 642 26 81 361 271 
66 657 26 104 345 259 
67 619 26 53 328 246 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 643 25 113 349 262 
69 679 26 125 343 258 
70 638 27 51 352 264 
71 650 26 103 330 248 
72 672 26 113 345 259 
73 651 27 72 365 274 
74 663 26 104 340 255 
75 660 27 88 348 262 
76 641 27 73 361 271 
77 602 26 51 348 262 
78 593 24 77 355 267 
79 618 24 109 353 265 
80 638 25 105 341 256 
81 626 26 77 320 241 
82 640 25 102 316 238 
83 630 26 79 331 248 
84 643 25 101 341 256 
85 681 26 128 334 251 
86 676 27 88 342 257 
87 689 27 108 336 253 
88 698 28 104 344 258 
89 655 28 54 365 274 
90 665 26 103 361 271 
91 655 27 83 369 277 
92 701 26 138 374 281 
93 698 28 93 350 263 
94 680 28 79 356 267 
95 675 27 91 350 263 
96 610 27 30 376 283 
97 617 25 94 374 281 
98 614 25 84 363 273 
99 599 25 71 361 271 
100 587 24 72 325 244 
101 589 24 85 330 248 
102 573 24 67 328 246 
103 585 23 92 320 240 
104 574 24 71 313 235 
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Year Number #Harvested #at Age-1 #Age5 + Ne 
105 581 23 87 315 237 
106 624 23 123 306 230 
107 612 25 73 313 235 
108 588 25 62 307 231 
109 587 24 82 311 234 
110 559 24 54 335 251 
111 533 23 53 327 245 
112 595 21 138 313 235 
113 644 24 130 313 235 
114 612 26 56 298 224 
115 602 25 77 283 213 
116 581 24 63 319 240 
117 598 23 100 345 259 
118 601 24 86 326 245 
119 630 24 113 322 242 
120 614 25 71 310 233 
121 613 25 85 320 241 
122 616 25 89 321 241 
123 596 25 67 337 253 
124 579 24 67 328 246 
125 650 23 152 327 246 
126 664 26 102 330 248 
127 674 27 102 319 239 
128 653 27 73 309 232 
129 627 26 66 350 263 
130 622 25 84 356 267 
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Figure 41 
Initial Pop. Size (4 and older)= 600 
Recruits= 97 SD (Recruitment Variability)= High (45) 
Natural Mortality= 2X Current (0.1) 
Angler Mortality = High (0.05) 
Ne/N = 0. 7513 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
1 0 0 0 0 0 
2 86 0 86 0 0 
3 152 3 75 0 0 
4 177 6 43 0 0 
5 238 7 85 0 0 
6 269 9 62 48 36 
7 309 11 76 84 63 
8 383 12 115 96 72 
9 436 15 103 130 98 
10 498 17 121 146 110 
11 572 20 140 168 126 
12 614 23 118 208 157 
13 581 25 50 236 177 
14 606 24 106 270 203 
15 580 24 58 310 233 
16 601 23 102 332 249 
17 602 24 84 312 235 
18 624 24 105 327 246 
19 661 25 122 312 235 
20 656 27 85 324 244 
21 695 26 130 325 244 
22 672 28 72 337 253 
23 631 27 52 357 269 
24 597 26 55 353 266 
25 592 24 79 376 282 
26 569 24 59 362 272 
27 526 23 37 339 255 
28 512 21 60 321 241 
29 619 21 178 319 240 
30 656 25 119 306 230 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 697 26 130 282 212 
32 636 28 35 275 206 
33 651 26 105 335 252 
34 615 26 54 353 265 
35 658 25 131 374 281 
36 632 26 64 339 255 
37 609 26 66 349 262 
38 550 25 28 328 246 
39 578 22 107 353 265 
40 623 23 125 337 253 
41 675 25 138 324 243 
42 686 27 103 291 219 
43 674 28 84 309 232 
44 707 27 127 334 251 
45 706 28 96 363 273 
46 608 28 0 367 276 
47 586 25 68 361 271 
48 587 24 84 379 285 
49 642 24 137 377 283 
50 679 26 124 322 242 
51 714 27 129 312 234 
52 689 29 73 313 235 
53 730 28 138 345 259 
54 711 29 81 365 274 
55 655 29 44 384 288 
56 658 27 96 369 277 
57 724 27 157 393 295 
58 772 29 147 381 286 
59 803 31 138 349 262 
60 809 32 116 352 264 
61 852 33 156 388 291 
62 792 34 57 414 311 
63 804 32 125 431 324 
64 805 32 112 434 326 
65 778 32 86 458 344 
66 779 31 111 423 318 
67 802 31 131 431 324 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 692 32 0 432 324 
69 706 28 115 416 313 
70 769 28 161 417 314 
71 795 31 131 430 323 
72 741 32 56 367 275 
73 732 30 96 378 284 
74 711 29 82 413 310 
75 706 29 95 426 320 
76 670 28 62 396 298 
77 610 27 34 392 295 
78 616 25 94 381 286 
79 660 25 131 378 284 
80 678 26 109 357 268 
81 627 27 43 323 243 
82 684 25 146 329 247 
83 596 27 6 353 266 
84 510 24 0 363 273 
85 535 21 99 334 251 
86 534 21 74 367 276 
87 510 21 50 316 238 
88 533 21 96 269 202 
89 534 21 75 285 214 
90 472 21 14 284 213 
91 475 19 72 270 203 
92 433 19 24 285 214 
93 487 18 116 284 214 
94 546 19 125 250 188 
95 603 22 131 253 190 
96 591 24 70 229 172 
97 624 24 116 260 196 
98 572 25 33 293 220 
99 548 23 58 324 243 
100 516 22 47 315 237 
101 494 21 51 334 251 
102 592 20 167 304 228 
103 569 24 57 291 219 
104 550 23 61 275 206 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 516 22 43 263 198 
106 543 21 100 319 240 
107 573 22 105 304 229 
108 590 23 95 294 221 
109 639 24 131 274 206 
110 637 26 86 290 218 
111 580 26 32 307 231 
112 617 23 121 315 237 
113 614 25 81 344 258 
114 627 25 98 342 257 
115 663 25 122 309 232 
116 682 27 111 332 249 
117 659 27 70 329 247 
118 571 27 5 336 252 
119 611 23 122 356 267 
120 670 25 143 367 275 
121 682 27 103 352 265 
122 761 27 173 304 229 
123 717 30 59 328 247 
124 654 29 39 360 271 
125 651 26 91 365 274 
126 654 26 94 409 307 
127 658 26 96 382 287 
128 691 27 123 348 262 
129 690 28 94 349 262 
130 772 28 178 350 263 
192 
Figure 2a 
Initial Pop. Size ( 4 and older) = 1007 
Recruits= 85 SD (Recruitment Variability)= Low (25) 
Natural Mortality= Current (0.0451) 
Angler Mortality= Current (0.01) 
Ne/N = 0.6638 
Year Number #Harvested #at Age-1 #Ages+ Ne 
1 0 0 0 0 0 
2 79 0 79 0 0 
3 162 0 86 0 0 
4 249 0 95 0 0 
5 304 0 67 0 0 
6 381 0 90 66 44 
7 499 0 136 134 89 
8 550 0 74 207 137 
9 589 0 64 253 168 
10 597 0 34 316 210 
11 648 0 78 415 275 
12 693 0 74 457 304 
13 746 0 85 490 325 
14 731 0 18 496 329 
15 751 0 53 539 358 
16 795 0 77 576 382 
17 831 0 72 621 412 
18 837 0 44 608 403 
19 882 0 83 625 415 
20 897 0 54 661 439 
21 948 0 92 691 458 
22 985 0 79 696 462 
23 1033 0 93 734 487 
24 1076 0 90 746 495 
25 1120 0 93 788 523 
26 1161 0 92 819 543 
27 1132 0 23 859 570 
28 1090 0 10 895 594 
29 1101 0 60 931 618 
30 1186 0 135 966 641 
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Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 1201 0 68 941 625 
32 1200 0 74 887 589 
33 1222 0 97 875 581 
34 1220 0 76 924 613 
35 1208 0 60 922 612 
36 1214 0 83 919 610 
37 1229 0 104 925 614 
38 1241 0 85 928 616 
39 1276 0 107 920 611 
40 1256 0 47 939 623 
41 1240 0 60 964 640 
42 1216 0 51 973 646 
43 1206 0 66 996 661 
44 1247 0 100 986 654 
45 1290 0 113 978 649 
46 1263 0 50 956 635 
47 1270 0 82 950 631 
48 1275 0 74 980 650 
49 1212 0 15 1008 669 
50 1197 0 53 991 658 
51 1185 0 65 991 658 
52 1155 0 43 988 656 
53 1150 0 71 933 619 
54 1162 0 86 913 606 
55 1145 0 59 902 599 
56 1161 0 90 874 580 
57 1130 0 28 888 589 
58 1130 0 53 917 609 
59 1158 0 94 910 604 
60 1150 0 78 910 604 
61 1155 0 74 875 581 
62 1144 0 59 861 572 
63 1122 0 54 876 581 
64 1127 0 74 882 586 
65 1136 0 75 889 590 
66 1117 0 53 877 582 
67 1133 0 93 857 569 
194 
Year Number #Harvested #at Age-1 #Ages+ Ne 
68 1093 0 32 859 570 
69 1110 0 93 856 568 
70 1147 0 99 849 564 
71 1156 0 75 873 579 
72 1136 0 45 848 563 
73 1130 0 62 870 577 
74 1157 0 103 888 590 
75 1180 0 103 883 586 
76 1181 0 67 868 576 
77 1140 0 32 860 571 
78 1165 0 95 888 590 
79 1160 0 51 930 617 
80 1167 0 73 930 618 
81 1173 0 75 899 597 
82 1163 0 53 927 615 
83 1167 0 74 910 604 
84 1185 0 92 908 602 
85 1177 0 60 914 607 
86 1201 0 100 895 594 
87 1223 0 83 910 604 
88 1215 0 60 932 618 
89 1182 0 45 916 608 
90 1159 0 51 939 623 
91 1149 0 60 947 629 
92 1129 0 47 939 624 
93 1164 0 99 921 611 
94 1195 0 102 903 599 
95 1187 0 65 893 593 
96 1225 0 105 879 583 
97 1225 0 78 898 596 
98 1277 0 116 935 620 
99 1261 0 65 923 613 
100 1229 0 50 944 627 
101 1256 0 101 948 629 
102 1228 0 40 990 657 
103 1269 0 112 984 653 
104 1248 0 62 955 634 
195 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 1250 0 84 970 644 
106 1230 0 53 943 626 
107 1244 0 77 985 654 
108 1216 0 52 968 643 
109 1244 0 95 982 652 
110 1248 0 78 964 640 
111 1193 0 20 966 641 
112 1210 0 85 952 632 
113 1192 0 54 970 644 
114 1186 0 72 968 642 
115 1231 0 113 926 615 
116 1226 0 76 930 617 
117 1252 0 102 912 605 
118 1241 0 60 916 608 
119 1233 0 59 957 635 
120 1255 0 90 964 640 
121 1264 0 81 991 658 
122 1323 0 128 984 653 
123 1333 0 95 964 640 
124 1355 0 108 970 644 
125 1381 0 103 977 649 
126 1375 0 82 1013 673 
127 1382 0 89 1027 681 
128 1383 0 93 1041 691 
129 1388 0 83 1064 706 
130 1376 0 63 1072 711 
196 
Figure 2b 
Initial Pop. Size (4 and older)= 1007 
Recruits= 85 SD (Recruitment Variability)= High (45) 
Natural Mortality= Current (0.0451) 
Angler Mortality= Current (0.01) 
Ne/N = 0.6638 
Year Number #Harvested #at Age-1 #Ages+ Ne 
1 0 0 0 0 0 
2 14 0 14 0 0 
3 123 0 110 0 0 
4 262 0 144 0 0 
5 287 0 36 0 0 
6 296 0 22 12 8 
7 312 0 30 103 68 
8 357 0 59 218 145 
9 384 0 43 238 158 
10 455 0 89 246 163 
11 488 0 53 259 172 
12 509 0 43 297 197 
13 587 0 100 319 212 
14 655 0 95 379 251 
15 739 0 114 406 269 
16 789 0 84 423 281 
17 822 0 68 488 324 
18 903 0 118 544 361 
19 960 0 97 614 408 
20 1034 0 117 656 436 
21 1058 0 71 683 453 
22 1086 0 75 751 498 
23 1061 0 25 798 530 
24 1144 0 131 860 571 
25 1139 0 46 880 584 
26 1219 0 132 903 599 
27 1263 0 99 883 586 
28 1266 0 59 952 632 
29 1250 0 41 947 628 
30 1305 0 112 1014 673 
197 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
31 1365 0 119 1050 697 
32 1377 0 76 1049 696 
33 1448 0 161 1008 669 
34 1460 0 113 1019 677 
35 1479 0 95 1064 706 
36 1492 0 85 1074 713 
37 1466 0 49 1152 765 
38 1445 0 60 1179 782 
39 1407 0 37 1194 792 
40 1398 0 77 1188 789 
41 1404 0 82 1162 771 
42 1380 0 51 1148 762 
43 1350 0 57 1103 732 
44 1269 0 3 1093 726 
45 1278 0 95 1084 719 
46 1286 0 87 1056 701 
47 1244 0 33 1039 690 
48 1249 0 91 965 641 
49 1308 0 139 976 648 
50 1259 0 39 975 647 
51 1220 0 36 941 624 
52 1281 0 135 955 634 
53 1268 0 51 1021 678 
54 1236 0 58 975 647 
55 1219 0 51 950 630 
56 1179 0 48 986 654 
57 1162 0 61 959 636 
58 1238 0 143 949 630 
59 1172 0 0 938 623 
60 1099 0 8 907 602 
61 1133 0 114 887 589 
62 1127 0 64 947 629 
63 1071 0 35 864 574 
64 1088 0 94 803 533 
65 1118 0 103 838 556 
66 1141 0 95 832 552 
67 1134 0 56 812 539 
198 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
68 1140 0 73 838 556 
69 1115 0 35 876 582 
70 1117 0 72 896 595 
71 1101 0 55 882 585 
72 1129 0 90 890 591 
73 1154 0 91 865 574 
74 1161 0 60 885 587 
75 1204 0 118 867 576 
76 1166 0 38 881 585 
77 1105 0 0 908 603 
78 1092 0 59 895 594 
79 1132 0 124 918 609 
80 1183 0 112 898 596 
81 1222 0 102 849 563 
82 1300 0 166 826 548 
83 1266 0 37 879 584 
84 1261 0 67 918 609 
85 1216 0 25 949 630 
86 1248 0 98 1032 685 
87 1220 0 44 1001 665 
88 1205 0 76 976 648 
89 1230 0 79 952 632 
90 1228 0 55 989 657 
91 1254 0 110 953 632 
92 1278 0 96 957 635 
93 1288 0 76 971 645 
94 1254 0 48 950 631 
95 1260 0 88 973 646 
96 1282 0 103 985 654 
97 1314 0 103 990 657 
98 1324 0 88 967 642 
99 1368 0 113 988 656 
100 1329 0 41 1011 671 
101 1304 0 49 1037 688 
102 1318 0 95 1041 691 
103 1315 0 79 1065 707 
104 1305 0 65 1036 688 
199 
Year Number #Harvested #at Age-1 #Age 5 + Ne 
105 1305 0 88 1000 664 
106 1307 0 71 1024 680 
107 1260 0 12 1044 693 
108 1206 0 17 1036 688 
109 1224 0 104 1031 684 
110 1253 0 112 1015 674 
111 1228 0 57 954 633 
112 1227 0 95 884 587 
113 1223 0 61 921 612 
114 1233 0 82 956 634 
115 1208 0 36 954 633 
116 1249 0 120 966 641 
117 1272 0 91 962 639 
118 1216 0 20 968 642 
119 1231 0 90 935 620 
120 1320 0 159 979 650 
121 1330 0 96 982 652 
122 1301 0 55 931 618 
123 1261 0 38 944 627 
124 1258 0 66 1021 678 
125 1251 0 72 1034 686 
126 1288 0 119 1007 668 
127 1359 0 155 968 642 
128 1396 0 120 957 635 
129 1365 0 60 945 627 
130 1399 0 106 991 658 
